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5 Patient Selectable Joint Arthroplasty Devices and Surgical Tools

Cross-reference TO Related Applicatioms

[0001] This application claims the benefit of: U.S Ser. No. 60/765,592

1 0 entitled "Surgical Tools for Performing Joint Arthroplasty" filed

February 6, 2006; U.S Ser. No. 60/785,168, entitied "Surgical Tools for

Performing Joint Arthropu\sty" filed March 23, 2006; and U.S Ser. No.

60/788,339, entitled "Surgical Tools for Performing Joint Arthroplasty"

filed March 31, 2006.

15 [0002] Each of the above-described applications are hereby

incorporated by reference in their entireties.

Field of the Invention

[0003] The present i nvenlion relates to orthopedic methods, sjretems

and prosthetic devices and more particularly relates to metiiods, systems and

20 devices for articular resurfacing. The present invention also includes surgical

molds designed to achieve optimal cut planes in a joint in preparation for

installation of a joint implant.

BACKGROUND OF THE IMVEWTIQM

[0004] There are various types of cartilage, e.g.
,
hyaline cartilage and

25 fibrocartilage. Hyaline cartilage is found at the articular surfaces of bones,

1
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e.g., in the joints, and is responsible for providing tlie smocrtli gliding motion

characteristic of moveable joints. Articular cartilage is finnly attached to the

underlying bones and measures typically less than 5mm In thickness in

human joints, with considerable variation depending on Joint and site within

5 the joint. In addition, articular cartilage is aneural, avascular, and alymphatic.

In adult humans, this cartilage derives its nutrition by a double diffusion

system through the synovial membrane and through the dense matrix of the

cartilage to reach the chondrocyte, the cells that are found in the connective

tissue of cartilage.

10 [0005] Adult cartilage has a limited ability of repair; thus, damage to

cartilage produced by disease, such as riieumatoid and/or osteoarthritis, or

trauma can lead to serious physical deformity and debilitation. Furthermore,

as human articular cartilage ages, its tensile properties change. The

superficial zone of the knee articular cartilage exhibits an increase in tensile

15 strength up to the third decade of life, after which it decreases markedly with

age as detectable damage to type il collagen occurs at frie articular surface.

The deep zone cartilage also exhibits a progressive decrease in tensile

strength with increasing age, although collagen content does not appear to

decrease. These observations indicate that there are changes in mechanical

20 and, hence, structural organization of cartilage with aging that, if sufficiently

developed, can predispose cartilage to traumatic damage.

[0006] For example, the superficial zone of the knee articular cartilage

exhibits an increase in tensile strength up to the third decade of life, after

which it decreases markedly with age as detectable damage to type II

25 collagen occurs at the articular surface. The deep zone cartilage also exhibits

a progressive decrease in tensile strength with increasing age, although

2
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collagen content does not appear to decrease. These observations indicate

that there are changes in mechanical and, hence, structural organization of

cartilage with aging that, If sufficiently developed, can predispose cartilage to

traumatic damage.

5 [0007] Once damage occurs, joint repair can be addressed through a

number of approaches. One approach includes the use of matrices, tissue

scaffolds or other can-iers implanted with cells (e.g., chondrocytes,

chondrocyte progenitors, stromal cells, mesenchymal stem cells, etc.). These

solutions have been described as a potential treatment for cartilage and

10 meniscal repair or replacement. See, also. International Publications WO
99/51719 to FofonofF, published October 14, 1999; WO01/91672 to Simon et

al., published 12/6/2001 ; and WO01/17463 to Mannsmann, published March

15, 2001; U.S. Patent No. 6,283,980 B1 to Vibe-Hansen etal., issued

September 4, 2001, U.S. Patent No. 5,842,477 to Naughton issued

15 December 1, 1998, U.S. Patent No. 5,769,899 to Schwartz et al. issued June

23, 1998. U.S. Patent No. 4,609,551 to Caplan et al. issued September 2,

1986, U.S. Patent No. 5,041 ,138 to Vacanti et al. issued August 29, 1991,

U.S. Patent No. 5,197,985 to Caplan et al. issued March 30, 1993, U.S.

Patent No. 5,226,914 to Caplan et al. issued July 13, 1993, U.S. Patent

20 No. 6,328,765 to Hardwick et al. issued December 1 1, 2001 , U.S. Patent

No. 6,281,195 to Rueger et al. issued August 28, 2001, and U.S. Patent

No. 4,846,835 to Grande issued July 1 1 , 1989. However, clinical outcomes

with biologic replacement materials such as allograft and autograft systems

and tissue scaffolds have been uncertain since most of these materials

25 cannot achieve a morphologic an-angement or structure similar to or Identical

to that of nomnal, disease-free human tissue It is Intended to replace.

3
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Moreover, the mechanical durability ofthese biologic replacement materials

remains uncertain.

[0008] Usually, severe damage or loss of cartilage is treated by

replacement of the joint with a prosthetic material, for example, silicone, e.g.

5 for cosmetic repairs, or metal alloys. See, e.g., U.S. Patent No. 6,383,228 to

Schmotzer, issued May 7, 2002; U.S. Patent No. 6,203,576 to Afriat et al.,

issued March 20, 2001; U.S. Patent No. 6,126,690 to Ateshian, et al., issued

October 3, 2000. Implantation of these prosthetic devices is usually

associated with loss of underlying tissue and bone without recovery of the full

10 function allowed by the original cartilage and, with some devices, serious

long-term complications associated with the loss of significant amount of

tissue and tone can include infection, osteolysis and also loosening of the

implant.

[0009] Further, joint arthroplasties are highly invasive and require

15 surgical resection of the entire or the majority of the articular surface of one or

more bones. With these procedures, the man-ow space is reamed in order to

fit the stem of the prosthesis. The reaming results in a loss of the patients

bone stock. U.S. Patent 5,593,450 to Scott et al. issued January 14, 1 997

discloses an oval domed shaped patella prosthesis. The prosthesis has a

20 femoral component that includes two condyles as articulating surfaces. The

two condyles meet to fomn a second trochlear groove and ride on a tibial

component that articulates with respect to the femoral component A patella

component is provided to engage the trochlear groove. U.S. Patent 6,090,144

to Letot et al. issued July 18, 2000 discloses a knee prosthesis that includes a

25 tibial component and a meniscal component that is adapted to be engaged

with the tibial component through an asymmetrical engagement.

4
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[0010] Another joint subject to invasive joint procedures is tlie liip. U.S.

Patent 6,262,948 to Storer et al. issued September 30, 2003 discloses a

femoral hip prosthesis that replaces the natural lemoral head. U.S. Patent

Publications 2002/0143402 A1 and 2003/0120347 to Steinberg published

5 October 3, 2002 and June 26, 2003, respectively, also disclose a hip

prosthesis that replaces the femoral head and provides a member for

communicating with the ball portion of the socket within the hip joint.

[0011] A variety of materials can be used in replacing a joint with a

prosthetic, for example, silicone, e.g. for cosmetic repairs, or suitable metal

10 alloys are appropriate. See, e.g., U.S. Patent No. 6,443,991 B1 to Running

issued September 3, 2002, U.S. Patent No. 6,387,131 B1 to Miehike et al.

issued May 14, 2002; U.S. Patent No. 6,383,228 to Schmotzer issued May 7,

2002; U.S. Patent No. 6,344,059 B1 to Krakovits et al. issued February 5,

1002; U.S. Patent No. 6,203,576 to Afriat et al. issued March 20, 2001 ; U.S.

15 Patent No. 6,126,690 to Ateshian et al. issued October 3, 2000; U.S. Patent

6,013,103 to Kaufman et al. issued January 11, 2000. Implantation of these

prosthetic devices is usually associated with loss of underlying tissue and

bone without recovery of the full tunction allowed by the original cartilage and,

with some devices, serious long-temn complications associated with the loss

20 of significant amounts of tissue and bone can cause loosening of the implant.

One such complication is osteolysis. Once the prosthesis becomes loosened

from the joint, regardless of the cause, the prosthesis will then need to be

replaced. Since the patient"s bone stock is limited, the number of possible

replacement surgeries is also limited for joint arthroplasty.

25 [0012] As can be appreciated, joint arthroplasties are highly invasive

and require surgical resection of the entire, or a majority of the, articular

5
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surface of one or more bones involved in tlie repair. Typically witli these

procedures, the marrow space is lairiy extensively reamed in order to fit the

stem of the prosthesis within the bone. Reaming results in a loss of the

patient"s bone stock and overtime subsequent osteolysis will frequently lead

5 to loosening of the prosthesis. Further, the area where the implant and the

bone mate degrades over time requiring the prosthesis to eventually be

replaced. Since the patient's bone stock is limited, the number of possible

replacement surgeries is also limited for joint arthroplasty. In short, over the

course of 15 to 20 years, and in some cases even shorter time periods, the

10 patient can run out of therapeutic options ultimately resulting in a painful, non-

functional joint.

[0013] A variety of tools are available to assist surgeons in peri'orming

joint surgery. In the knee, for example, U.S. Patent 4,501,266 to McDaniel

issued February 26, 1985 discloses a knee distraction device that facilitates

15 knee arthroplasty. The device has an adjustable force calibration mechanism

that enables the device to accommodate controlled selection of the ligament-

tensioning force to be applied to the respective, opposing sides of the knee.

U.S. Patent 5,002,547 to Poggie et al. issued March 26, 1991 discloses a

modular apparatus for use in preparing the bone surface for implantation of a

20 modular total knee prosthesis. The apparatus has cutting guides, templates,

alignment devices along with a distractor and clamping instruments that

provide modularity and facilitate bone resection and prosthesis implantation.

U.S. Patent 5,250,050 to Poggie et al. issued October 5, 1993 is also directed

to a modular apparatus for use in preparing a bone surface for the

25 implantation of a modular total knee prosthesis. U.S. Patent 5,387,21 6 to

Thornhill et al. issued February 7, 1995 discloses instrumentation for use in
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knee revision surgery. A bearing sleeve is provided tliat is inserted into the

damaged canal in order to talte up additional volume. Tlie rod passes through

the sleeve and is positioned to meet the natural canal of the bone. The rod is

then held in a fixed position by the bearing sleeve. A cutting guide can then

5 be mounted on the rod for cuttir^ the bone and to provide a mounting surface

for the implant. U.S. Patent 6,056,756 to Eng et al. issued May 2, 2000

discloses a tool for preparing the distal femoral end for a prosthetic implant.

The tool lays out the resection for prosthetic replacement and includes a jack

for pivotally supporting an opposing bone such that the jack raises the

10 opposing bone in flexion to the spacing of the intended prosthesis. U.S.

Patent 6,106.529 to Techiera issued August 22, 2000 discloses an

epicondylar axis referencing drill guide for use in resection to prepare a bone

end for prosthetic joint replacement. U.S. Patent 6,296,646 to Williamson

issued October 2, 2001 discloses a system that allows a practitioner to

15 position the leg in the alignment that is directed at the end of the implant

procedure and to cut both the femur and tibia while the leg is fixed in

alignment. U.S. Patent 6,620,168 to Lombardi et al. issued

September 16, 2003 discloses a tool for intermedullary revision surgery along

with tibial components.

20 [00141 U.S. Patent 5,578,037 to Sanders et al. issued November 26,

1996 discloses a surgical guide for femoral resection. The guide enables a

surgeon to resect a femoral neck during a hip arthroplasty procedure so that

the femoral prosthesis can be Implanted to preserve or closely approximate

the anatomic center of rotation of the hip.

25 [001 5] U.S. Patent No. 6,206,927 to Fell, et al., issued March 27, 2001

,

and U.S. Patent No. 6,558,421 to Fell, et al., issued May 6, 2003, disclose a

7



wo 2007/092841 PCT/US2007/061681

surgically implantable knee prosthesis that does not require bone resection.

This prosthesis Is described as substanfially elliptical in shape with one or

more straight edges. Accordingly, these devices are not designed to

substantially confonn to the actual shape (contour) of the rerralning cartilage

5 in vivo and/or the underlying bone. Thus, integration of the Implant can be

e)ctremely difficult due to differences In thicltness and curvature between the

patient's sun-ounding cartilage and/or the underlying subchondral bone and

the prosthesis.

[0016] Interposltional knee devices that are not attached to both the

10 tibia and femur have been described. For example, Piatt et al. (1969) "Mould

Arthroplasty of the Knee," Journal of Bone and Joint Surgery 51B(1):76-87,

describes a hemi-arthroplasty with a convex undersurface that was not rigidly

attached to the tibia. Devices that are attached to the bone have also been

described. Two attachment designs are commonly used. The McKeever

16 design is a cross-bar member, shaped like a T from a top perspective view,

that extends from the bone mating surface of the device such that theT
portion penetrates the bone surface while the surrounding surface from which

theT extends abuts the bone surface. See McKeever, "Tibial Plateau

Prosthesis," Chapter 7, p. 86. An alternative attachment design Is the

20 Macintosh design, which replaces theT shaped fin for a series of multiple flat

serrations or teeth. See Potter, "Arthroplasty of the Knee with Tibial Metallic

Implants of the McKeever and Macintosh Design," Surg. Clins. Of North Am.

49(4): 903-915 (1969).

[0017] U.S. Patent 4,502.1 61 to Wall issued March 5, 1 985, describes

25 a prosthetic meniscus constructed from materials such as silicone rubber or

Teflon with reinforcing materials of stainless steel or nylon strands. U.S.
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Patent 4,085,466 to Goodfellow et al. issued March 25, 1978, describes a

meniscal component made from plastic materials. Reconstruction of meniscal

lesions has also been attempted with carbon-fiber-polyunethane-poly (L-

lactide). Leeslag, etal., Biological and Biomechanica! Perfonnance of

5 Biomaterials (Christel et al., eds.) Elsevier Science Publishers B.V.,

Amsterdam. 1986. pp. 347-352. Reconstruction of meniscal lesions is also

possible with bioresorbable materials and tissue scaffolds.

[0018] However, cun-ently available devices do not always provide

ideal alignment with the articular surfaces and the resultant joint congruity.

10 Poor alignment and poor joint congruity can, for example, lead to instability of

the joint. In the knee joint, instability typically manifests as a lateral instability

of the joint.

[0019] Thus, there remains a need for compositions for joint repair,

including methods and compositions that facilitate the integration between the

15 cartilage replacement system and the surrounding cartilage. There is also a

need for tools that increase the accuracy of cuts made to the bone in a joint in

preparation for surgical implantation of, for example, an artificial joint.

Summary of the Invention

[0020] The present invention provides novel devices and methods for

20 replacing a portion (e.g., diseased area and/or area slightly larger than the

diseased area) of a Joint (e.g., cartilage and/or bone) with a non-pliable, non-

liquid (e.g., hard) implant material, where the implant_achieves a near

anatomic fit with the surrounding structures and tissues. In cases where the

devices and/or methods include an element associated with the underlying

25 articular bone, the invention also provides that the bone-associated

9
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element achieves a near anatomic alignment with the subchondral bone. The

invention also provides for the preparation of an implantation site with a single

cut, or a few relatively small cuts.

[0021] In one aspect, the invention includes a method for providing

5 articular replacement material, the method comprising the step of ppDducing

articular replacement (e.g., cartilage replacement material) of selected

dimensions {e.g., size, thickness and/or curvature).

[0022] In another aspect, the invention includes a method of making

cartilage repair material, the method comprising the steps of (a) measuring

10 the dimensions {e.g., thickness, curvature and/or size) of the intended

implantation site or the dimensions of the area sumounding the intended

implantation site; and (b) providing cartilage replacement material that

conforms to the measurements obtained in step (a). In certain aspects, step

(a) comprises measuring the thickness of the cari:ilage surrounding the

15 intended implantation site and measuring the curvature of the cartilage

surrounding the intended implantation site. In other embodiments, step (a)

comprises measuring the size of the intended Implantation site and

measuring the curvature of the cartilage sun-ounding the intended

implantation site. In other embodiments, step (a) comprises measuring the

20 thickness of the cartilage sun^unding the intended implantation site,

measuring the size of the intended implantation site, and measuring the

curvature of the cartilage sunounding the intended implantation site. In other

embodiments, step (a) comprises reconstmcling the shape of healthy

cartilage surface at the intended Implantation site.

10
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[0023] In any of the methods described herein, one or more

components of the articular replacement material {e.g., the cartilage

replacement material) can be non-pliable, non-liquid, solid or hard. The

dimensions of the replacement material can be selected following

5 intraoperative measurements. Measurements can also be made using

imaging techniques such as ultrasound, MRI, CT scan, x-ray imaging

obtained with x-ray dye and fluorosoDpic imaging. A mechanical probe (with

or without imaging capabilities) can also be used to select dimensions, for

example an ultrasound probe, a laser, an optical probe and a deformable

10 material or device.

[0024] In any of the methods described herein, the replacement

material can be selected (for example, from a pre-exisUng library of repair

systems), grown from cells and/or hardened trom various materials. Thus,

the material can be produced pre- or post-openatively. Furthennore, in any of

15 the methods described herein the repair material can also be shaped (e.g.,

manually, automatically or by machine), for example using mechanical

abrasion, laser ablation, radiofrequency ablation, cryoablation and/or

enzymatic digestion.

[0025] In any of the methods described herein, the articular

20 replacement material can comprise synthetic materials (e.g., metals, liquid

metals, polymers, alloys or combinations thereof) or biological materials such

as stem cells, fetal cells or chondrocyte cells.

[0026] In another aspect, the Invention includes a method of repairing a

cartilage in a subject, the method of comprising the step of implanting

11
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cartilage repair material prepared according to any of the methods described

herein.

[0027] In yet another aspect, the Invention provides a method of

detemnining the curvature of an articular surface, the method comprising the

5 step of Intraoperafively measuring the curvature of the articular surtace using

a mechanical probe. The articular surface can comprise cartilage and/or

subchondral bone. The mechanical pnabe (with or without imaging

capabilities) can include, for example an ultrasound probe, a laser, an optical

probe and/or a defomable material.

1 0 [0028] In a still further aspect, the invention provides a method of

producing an artioular replacement material comprising the step of providing

an articular replacement material that conforms to the measurements

obtained by any of the methods of described herein.

[0029] In a still further aspect, the invention includes a partial or full

15 articular prosthesis comprising a first component comprising a cartilage

replacement material; and an optional second component comprising one or

more metals, wherein said second component can have a curvature similar to

subchondral bone, wherein said prosthesis comprises less than about 80% of

the articular suriace. In certain embodiments, the first and/or second

20 component comprises a non-pliable material (e.g., a metal, a polymer, a

metal alloy, a solid biological material). Other materials that can be Included

In the first and/or second components include polymers, biological materials,

metals, metal alloys or combinations thereof. Furthenrore, one or both

components can be smooth or porous (or porous coated) using any methods

25 or mechanisms to achieve in-growth of tione known In the art. In certain

12
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embodiments, the first component exhibits biomechanical properties (e.g.,

elasticity, resistance to axial loading or shear forces) similar to articular

cartilage. The first and/or second component can be bioresorbable and, in

addition, the first or second components can be adapted to receive injections.

[0030] In another aspect, an articular prosthesis comprising an external

surface located in the load bearing area of an articular surface, wherein the

dimensions of said external surface achieve a near anatomic fit with the

adjacent, underlying or opposing cartilage is provided. The prosthesis can

comprise one or more metals or metal alloys.

[0031] In yet another aspect, an articular repair system comprising (a)

cartilage replacement material, wherein said cartilage replacement material

has a curvature similar to sun-ounding, adjacent, underiying or opposing

cartilage; and (b) at least one non-biologic material, wherein said articular

surface repair sj^em comprises a portion of the articular surface equal to,

smaller than, or greater than, the weight-bearing surface that is provided. In

certain embodiments, the cartilage replacement material is non-pliable (e.g.,

hard hydroxyapatite, etc.). In certain embodiments, the system exhibits

biomechanical (e.g., elasticity, resistance to axial loading or shear forces)

and/or biochemical properties similar to articular cartilage. The first and/or

second component can be bioresorbable and, in addition, the first or second

components can be adapted to receive injections.

[0032] In a still further aspect of the invention, an articular surface

repair system comprising a first component comprising a cartilage

replacement material, wherein said first component has dimensions similar to

that of adjacent, surrounding, underiying or opposing cartilage; and a second

13
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component, wherein said second component has a curvature similar to

suischondral bone, wherein said articular surface repair system comprises

less than about 80% of the articular surface {e.g., a single femoral condyle,

tibia, etc.) is provided. In certain embodiments, the first component is non-

5 pliable (e.g., hard hydroxyapatite, etc.). In certain embodiments, the system

exhibits biomechanical (e.g., elasticity, resistance to axial loading or shear

forces) and/or biochemical properties similar to articular cartilage. The first

and/or second component can be bioresorbable and, in addition, the first or

second components can be adapted to receive injections. In certain

10 embodiments, the first component has a curvature and thickness similar to

that of adjacent, underlying, opposing or sun^ounding cartilage. The thickness

and/or curvature can vary across the implant material.

[0033] In a still further embodiment, a partial articular prosthesis

comprising (a) a metal or metal alloy; and (b) an external suriace located in

15 the load bearing area of an articular suriace, wherein the external surtace

designed to achieve a near anatomic fit with the adjacent sumounding,

underlying or opposing cartilage is provided.

[0034] Any of the repair systems or prostheses described herein {e.g.,

the external surface) can comprise a polymeric material, for example attached

20 to said metal or metal alloy. Any of the repair systems can be entirely

composed of polymer. Further, any of the systems or prostheses described

herein can be adapted to receive injections, for example, through an opening

in the external surface of said cartilage replacement material (e.g., an

opening in the external surface tenninates in a plurality of openings on the

25 bone suriace). Bone cement, polymers, Liquid Metal, therapeutics, and/or

other bioactive substances can be injected through the opening(s). In certain

14



wo 2007/092841 PCT/US2007/061681

embodiments, bone cement is injected under pressure in order to achieve

penneation of portions of tlie marrow space witli bone cement. In addition,

any of the repair systems or prostheses described herein can be anchored in

bone marrow or in the subchondral bone itself. One or more anchoring

5 extensions (e.g., pegs, pins, etc.) can extend through the bone and/or bone

marrow.

[0035] In any of the embodiments and aspects described herein, the

joint can be a knee, shoulder, hip, vertebrae, elbow, ankle, wrist etc.

[0036] In another aspect, a method of designing an articular implant

10 comprising the steps of obtaining an image of a joint, wherein the image

includes both normal cartilage and diseased cartilage; reconstmcting

dimensions of the diseased cartilage surface to correspond to normal

cartilage; and designing the articular implant to match the dimensions ofthe

reconstmcted diseased cartilage surface or to match an area slightly greater

15 than the diseased cartilage surface is provided. The image can be, for

example, an intraoperative image including a surl^ce detection method using

any techniques known in the art, e.g., mechanical, optical, ultrasound, and

known devices such as MRI, CT, ultrasound, digital tomosynthesis and/or

optical coherence tomography images. In certain embodiments,

20 reconstaidion is perfomned by obtaining a surface that follows the contour of

the normal cartilage. The surface can be parametric and include control

points that extend the contour of the nornial cartilage to the diseased cartilage

and/or a B-spline surface. In other embodiments, the reconstruction is

performed by obtaining a binary image of cartilage by extracting cartilage

25 from the image, wherein diseased cartilage appears as indentations in the

binary image; and perfonning, for example, a morphological closing operation
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{e.g., perfoimed in two or three dimensions using a stnjcturing element and/or

a dilation operation followed by an erosion operation) to determine tlie shape

of an implant to fill the areas of diseased cartilage.

[0037] In yet another aspect, described herein are systems for

5 evaluating the fit of an articular repair system into a joint, the systems

comprising one or more computing means capable of superimposing a three-

dimensional {e.g., three-dimensional representations of at least one articular

structure and of the articular repair system) or a two-dimensional cross-

sectional image (e.g., cross-sectional images reconstructed in multiple

10 planes) of a joint and an image of an articular repair system to detemiine the

fit of the articular repair system. The computing means can be: capable of

merging the images of the joint and the articular repair system into a common

coordinate system; capable of selecting an articular repair system having the

best fit; capable of rotating or moving the images with respect to each other;

15 and/or capable of highlighting areas of poor alignment between the articular

repair system and the sun-ounding articular surfaces. The three-dimensional

representations can be generated using a parametric surface representation.

[0038] In yet another aspect, surgical tools for preparing a Joint to

receive an implant are described, for example a tool comprising one or more

20 surfaces or members that confomi at least partially to the shape of the

articular surfaces of the joint (e.g., a femoral condyle and/or tibial plateau of a

knee joint). In certain embodiments, the tool comprises Ludte silastic and/or

other polymers or suitable materials. The tool can be re-useable or single-

use. The tool can be comprised of a single component or multiple

25 components. In certain embodi ments, the tool comprises an array of

adjustable, closely spaced pins. In any embodiments described herein, the
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surgical tool can be designed to further comprise an aperture therein, for

example one or more apertures having dimensions {e.g., diameter, depth,

etc.) smaller or equal to one or more dimensions of the implant and/or one or

more apertures adapted to receive one or more injectables. Any ofthe tools

5 described herein can further include one or more curable (hardening)

materials or compositions, for example that are injected through one or more

apertures in the tool and which solidily to fomn an impression ofthe articular

surface.

[0039] In still another aspect, a method of evaluating the fit ofan

10 articular repair system into a joint is described herein, the method comprising

obtaining one or more three-dimensional images (e.g., three-dimensional

representations of at least one articular structure and of the articular repair

system) or two-dimensional cross-sectional images (e.g., cross-sectional

images reconstructed in multiple planes) of a joint, wherein the joint includes

15 at least one defect or diseased area; obtaining one or more images of one or

more articular repair systems designed to repair the defect or diseased area;

and evaluating the images to determine the articular repair system that best

fits the defect (e.g., by superimposing the images to determine the fit of the

articular repair system into the joint). In certain embodiments, the images of

20 the joint and the articular repair system are merged into a common coordinate

system. The three-dimensional representations can be generated using a

parametric surface representation. In any of these methods, the evaluation

can be perfonned by manual visuai inspection and/or by computer (e.g.,

automated). The images can be obtained, for example, using a C-arm

25 system and/or radiographic contrast.
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[0040] In yet another aspect, described herein is a method of placing

an implant into an articular surface having a defect or diseased area, the

method comprising the step of imaging the joint using a C^rm system during

placement of the implant, thereby accurately placing the implant into a defect

5 or diseased area.

[0041] Also disclosed is a customizable, or patient specific, implant

configured for placement between joint surfeces fomried by inserting a hollow

device having an aperture and a lumen Into a target joint, and injecting

material into the hollow device to form an implant.

10 [0042] A customizable, or patient specific, implant configured for

placement between joint surfaces is also disclosed wherein the implant is

fonned by inserting a retaining device that engages at least a portion of one

joint surfece in a joint and injecting material into an aperture of the retaining

device to form an implant.

15 [0043] The invention is also directed to tools. In accordance with

another embodiment of the invention, a surgical tool includes a template. The

template has at least one contact surfece for engaging a surfece associated

with a joint. The at least one contact surface substantially confomis with the

suriiace. The template ftirther includes at least one guide aperture for

20 directing movement of a surgical instrument

[0044] In accordance with related embodiments of the invention, the

surface may be an articular surface, a non-articular surface, a cartilage

suriiace, a weight bearing surface, a non-weight surface and/or a bone

suriiace. The joint has a joint space, with the surface either within the joint

25 space or external to the joint space. The template may include a mold. The
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template may include at least two pieces, the at least two pieces including a

first piece that includes one or more of the at least one contact surfaces, the

second piece including one or more of the at least one guide apertures or

guide surfaces. The at least one contact surface may include a plurality of

5 discrete contact surfaces.

[0045] in accordance with further related embodiments of the invention,

the contact surface may be made of a biocompatible material, such as

acylonitrile butadiene styrene, polyphenylsulfone, and polycarisonate. The

contact surface may be capable of heat sterilization without defonning. For

10 example, the contact surface may be capable of heat sterilization without

defonning at temperatures lower than 207 degrees Celsius, such as a contact

surface made of polyphenylsulfone. The contact surface may be substantially

transparent or semi-transparent, such as a contact surface made of Somos

11120.

15 [0046] In still further embodiments of the invention, the template may

include a reference element, such as a pin or aiming device, for establishing a

reference plane relative to at least one of a biomechanical axis and an

anatomical axis of a limb. In other embodiments, the reference element may

be used for establishing an axis to assist In comecting an axis deflonnity.

20 [0047] In accordance with another embodiment of the invention, a

method of joint arthroplasty is provided. The method includes obtaining an

image of a joint, wherein the image includes a surface associated with a joint.

A template is created having at least one contact surface that conforms with

the surface. The template includes at least one guide aperture or guide

25 surface or element for directing movement of a surgical instmment. The

19



wo 2007/092841 PCT/US2007/061681

template is positioned such tliat the contact surface abuts the surface in a

predefined orientation.

[0048] In related embodiments of the invention, the joint surlaoe is at

least one of an articular surface, a non-articular surface, a cartilage surface, a

5 weight bearing surface, a non-weight bearing surface, and a bone surface.

The joinft has a joint space, wherein the surface rray be within the joint space

or e}ctemal to the joint space. The at least one contact surface may include a

plurality of discrete contact surfaces. Creating the template may include rapid

prototyping, milling and/or creating a mold, the template lurthermore may be

10 sterilizable and/or biocompatible. The rapid prototyping may include laying

down successive layers of plastic. The template may be a multi-piece

template. The multi-piece template may include a first piece that includes one

or more of the at least one contact surfaces, and a second piece that includes

one or more of the at least one guide apertures or guide surface or element.

15 Obtaining the image may include detennining dimensions of bone underlying

the cartilage, and adding a predefined thickness to the bone dimensions, the

predefined thickness representing the cartilage thickness. Adding the

predefined thickness may be a function of at least one of an anatomic

reference database, an age, a gender, and race matching. Obtaining the

20 imaging may include perfomiing an optical imaging technique, an ultrasound,

a CI, a spiral CT, and/or an MRI.

[0049] In ftjrther related embodiments of the invention, the method may

further include anchoring the contact surface to the cartilage. The anchoring

may include using at least one of k-wire and adhesive. The anchoring may

25 include drilling a bit through the cartilage, and leaving the bit in place. The

anchoring may include forming the template to normal joint suriace, arthritic
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joint surface or the interface lietween normal and artliritic joint surfeoe or

combinations tliereof.

[0050] In still further related embodiments of the invention, the template

may include a reference element. The method may include establishing, via

5 the reference element, a reference plane relative to at least one of an axis

and a anatomical axis of a limb. The biomechanical axis may extend from a

center of a hip to a center of an ankle. Alternatively, an axis may be

established via the reference element that is used to align surgical tools in

correcting an axis deformity.

10 [00511 In ftirther related embodiments of the invention, the method

further includes perfomning at least one of a muscle sparing technique and a

bone sparing technique. An incision for inserting the template may be equal

to or less than one of 16 cm, 13 cm, 10cm, 8 cm, and 6cm. At least a portion

ofthe template may be sterilized. Sterilizing may include heat sterilization

15 and/or sterilization using gas. The sterilized portion may includes a mold.

[0052] In accordance with another embodiment ofthe invention, a

surgical tool includes a template. The template has at least one contact

surface for engaging a surface associated witii a joint, the at least one contact

surface substantially confonning witii the surface. The contact surface is

20 optionally substantially transparent or semi-transparent. The template further

includes at least one guide aperture for directing movement of a surgical

instrument.

[0053] In accordance with another embodiment ofthe invention, a

method of joint arthroplasty is presented. The method includes obtaining an

25 image associated with a joint. A template is created having at least one
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contact surface that conforms with a surface associated with the joint, the

template including a reference element and at least one guide aperture or

guide suriiace or element for directing movement of a surgical instrument.

The template is aligned in an orientation on the joint such that the reference

5 element establishes a reference plane relative to a biomechanical axis of a

limb. The template is anchored to the joint such that the contact surfiace

abuts the joint in said orientation. The biomechanical axis may ejctend, for

example, from a center of a hip to a center of an ankle.

[0054] In accordance with another embodiment ofthe invention, a

10 method of joint arthroplasty Includes obtaining an image of a joint. A template

is created having at least one contact surface that confomris with a surface

associated with the Joint, the template including a reference element and at

least one guide aperture or guide suriiace or element for directing movement

of a surgical instrument, the template including a reference element. The

5 template is aligned in an orientation on the surfiace such that the reference

element establishes an axis. The template may be anchored to the surface.

A surgical tool is aligned using the reference element to correct an axis

deformity.

[0055] In accordance with another embodiment of the invention, a

0 surgical tool includes a template. The template includes a mold having at

least one contact suriiace for engaging a surface associated with a joint. The

at least one contact suriiace substantially confonns with the surface. The mold

is made of a biocompatible material. The template further includes at least

one guide aperture or guide suriace or guide element for directing movement

5 of a surgical instrument. The mold may be sterilizabie and/or substantially

transparent or semi-transparent.
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[0056] In accordance with still another embodiment of the invention, a

surgical tool includes a template. The template includes a mold having at

least one contact surface for engaging a joint surface. The at least one

contact surface substantially confomis with the joint surface. The mold is

made of a biocompatible material. Furthermore, the mold is capable of heat

sterilizalion without defomning. The template includes at least one guide

aperture or guide surface or guide element for directing movement of a

surgical instrument.

[0057] In accordance with related embodiments of the invention, the

mold may be capable of heat sterilization without deformation. The contact

surface may be made of poiyphenylsulfone.

[0058] In accordance with another embodiment of the invention, a

method of using a surgical tool is presented. The surgical tool includes a first

template removably attached to a second template. The method includes

anchoring the first template to a femoral joint surface, the first template having

a first contact surface for engaging the femoral joint surface. The second

template is anchored to a tibial joint surface, the second template having a

second contact surlace for engaging a tibial joint surface. After anchoring the

first template and the second template, the second template is released from

the first template, such that the second template is capable of moving

independent of the first template.

[0059] In accordance with related embodiments ofthe invention, the

method may further include using the second template to direct a surgical cut

on the tibia. Anchoring the second template may occur subsequent or prior to

anchoring the first template. At least one of the first and second templates
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may include a mold. The first contact surface may substantially conform with

the femoral joint surface. The second contact surfiace may substantially

confomn with the tibial joint surface.

[0060] In accordance with another embodiment of the invention, a

5 method of performing joint arthroplasty Includes obtaining a first image

associated with a first Joint, obtaining a second image of a second joint, and

optionally obtaining a third image of a third joint. A biomechanical axis

associated with the first joint and the second joint and optionally the third joint

is determined. A template is provided for enabling surgery to con-ect an

10 anatomic abnormality associated with at least one of tiie first, second and/or

third joint.

[0061] In another embodiment, gait, loading and other physical

activities as well as static positions of a joint may be simulated using a

computer workstation. The template and the resultant surgical procedures,

15 e.g. cuts, drilling, rasping, can be optimized using this information to achieve

an optimal functional result. For example, the template and the resultant

implant position may be optimized for different degrees of flexion and

extension, internal or extemal rotation, abduction or adduction. Thus, the

templates may be used to achieve motion that is optimized in one, two or

20 more directions.

[0062] In accordance with related embodiments of the invention, the

template may include at least one contact surface for engaging a surface

associated with the fi rst joint, the second joint and/or Ihe third joint, the at

least one contact surface substantially confomning with the surface. The
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template may include at least one guide aperture or guide surface or guide

element for directing movement of a surgical instalment.

[0063] in further related embodiments of the invention, obtaining the

first image may include imaging one of at least 5 cm, at least 10cm, at least

5 1 5cm. at least 20 cm, at least 25 cm, at least 30 cm, and at least 35cm

beyond the first joint. Obtaining the first image/and or second image and/or

the third image may include performing a CT or an MRI. Performing the MRI

may include obtaining a plurality ofMRI scans. Optionally, two or more

imaging modalities can be used and information obtained from the imaging

10 modalities can be combined.

[0064] In accordance with another embodiment of the inverriion, a

method of performing joint arthroplasty includes obtaining a computer image

of a surface associated with a first joint. At least one deformity seen in the

computer image is removed pertaining to the surface, so as to form an

15 improved anatomic or functional result. The at least one defonnity is removed

from the surface to create a modified surface. A template is provided based,

at least in part, on the removal of the deformity. The template includes at

least one contact surface for engaging the modified surface, the at least one

contact surface substantially confomiing with the modified surface.

20 [0065] In accordance with another embodiment of the invention, a

method of perfomning joint arthroplasty includes obtaining a computer image

of a surface assodaled with a first joint. At least one deformity seen in the

computer image is removed such as a biomechanical or anatomical axis

defomnity, so as to form an improved anatomic or functional result. The at

25 least one deformity is removed in the surgical planning by modifying the
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shape or position of a template including Ihe shape and/or position of guide

apertures, guide surfswe or guide elements. A template is provided based, at

least in part, on the removal of the defomiity. The template includes at least

one contact surface for engaging the joint surface. The shape and/or position

5 of guide apertures, guide surface or guide elements is selecled or designed to

achieve a correction of the defomiity.

[0066] In accordance with related embodiments of the invention, the

template may be used in a surgical procedure. The template may include at

least one guide aperture, guide surfece or guide elements, the method further

10 including using the at least one guide aperture, guide suriace or guide

elements to direct movement of a surgical instrument. The at least one

defomiity may include a osteophyte, a subchondral cyst, and/or an arthritic

defomnation.

[0067] In accordance with another embodiment of the invention, a

1 5 method of peribrming joint arthroplasty includes obtaining an image of a

suriiace associated with a first joint the image including at least one

defomiity. A template is provided, based at least in part on the image, the

template having at least one contact surface for engaging portions of the

suriiace free of the defomiity. The at least one contact surface substantially

20 conforms with the portions of the surface. The template is used in a surgical

procedure.

[0068] In accordance with related embodiments of the invention, the

template may include at least one guide aperture, guide suriiace or guide

elements, the method further including using the at least one guide aperture,

25 guide suriace or guide elements to direct movement of a surgical instrument.
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The at least one deformity may include a osteophyte, a subchondral cyst,

and/or an arthritic deformation.

[0069] In accordance with another embodiment of the inverrtion, a

method of performing joint arthroplasty includes obtaining an image of a

5 surface associated wth a joint, the image including at least subchondral

bone. A template is provided, based at least in part on the image. The

template includes at least one contact surface substantially conforming with

the subchondral bone. Residual cartilage is removed from the surface in

areas where the at least one contact surface is to contact the subchondral

10 bone. The template is positioned such that the at least one contact suri=ace

abuts the subchondral bone in a predefined orientation.

[0070] In accordance with another embodiment ofthe invenlion, a

method of peribrming joint arthroplasty Includes providing a template. The

template is fixated to bone associated with a joint without performing any cuts

15 to the joint. The template may be used in a surgical procedure.

[0071] In accordance with related embodiments ofthe invention,

fixating may include drilling into the bone and leaving a drill bit in the bone.

An image of a suriiace associated with a joint may be obtained, the template

having at least one contact suriiace that conforms with the surface.

20 [0072] Another tool is disclosed that is formed at least partially in situ

and comprises: a mold fonried in situ using at least one of an inflatable hollow

device or a retaining device to confonn to the joint surface on at least one

suriiace having a suriiace for engaging a joint suriiace; a block that

communicates with the mold; and at least one guide aperture in the block.
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[0073] A method of pladng an implant into a joint is also provided. The

method comprises the steps of imaging the joint using a C-ami system,

obtaining a cross-sectional image with the C-ami system, and utilizing the

image for placing the implant into a joint.

[0074] In accordance with another embodiment of the inverriion, a

system for joint arthroplasty includes a first template. The first template

includes at least one surface for engaging a first surface of a joint, the surface

being a min-or image of portions or all of the first surface. The first template

further includes at least one guide for directing movement of a surgical

instmment. A linkage cross-references at least one surgical tool relative to

said guide and relative to one of an anatomical and a biomechanical axis.

[0075] In accordance with related embodiments of the invention, the

surgical tool may be a second template, the second template including at

least one guide for directing movement of a surgical instrument. The second

template may include a surface that is a min-or image of a second surface of

the joint. The second joint surface may oppose the first joint surface. At least

one guide of the second template may direct the surgical instalment in at

least one of a cut, a milling, and a drilling oriented in a predefined location

relative to said first template and adapted in shape, size or orientation to an

implant shape. The shape and/or position of the at least one guide of the first

template may be based, at least in part, on one or more axis related to said

joint. The linkage may be an attachment mechanism, which may cause the

first template to directly contact the at least one surgical tool, or alternatively,

attaches the first template and the at least one surgical tool such that the first

template and the at least one surgical tool do not directly contact each other.

The linkage may allow for rotation relative to one of an anaiomical and a
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biomechanical axis. The first template may include a removably attached

block, the block Including the at least one guide of the first template.

[0076] In accordance with another embodiment of the invention, a

system for joint arthroplasty is presented that includes a first template. The

5 first template Includes at least one surface for engaging a first surface of a

joint, the surface being a mirror image of portions or all of the first surface.

The first template further includes at least one guide for directing movement

of a surgical instrument. A linkage cross-references at least one surgical tool

on a second surtiace of the joint opposing the first surface.

10 [0077] In accordance with another embodiment of the inverriion, a

system for joint arthroplasty is presented that includes a first template. The

first template includes at least one first template surface for engaging a first

surface of a joint, the first template surface being a mirror image of portions or

all of the first surface. The first template further includes at least one guide

15 for directing movement of a surgical instrument. A second template includes

at least one second template surface for engaging a second surface of a joint,

the second template being a mimor image of portions or all of the second

surface. The second template further includes at least one guide for directing

movement of a surgical instrument. A linkage cross-references the first

20 template and the second template.

[0078] In accordance with another embodiment of the invention, a

system for joint arthroplasty includes a first template. The first template

includes at least one surface for engaging a first surface of a joint, the surface

being a mirror image of portions or all of the first surface. The first template

25 further includes at least one guide for directing movement of a surgical
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instrument. A linkage taioss-references at least one surgical tool, wherein the

linkage allows for rotation relative to one of an anatomical and a

biomechanical axis.

[0079] In accordance with another embodiment ofthe invention, a

5 method of joint arthroplasty includes positioning at least one contact surface

of a first template onto a first surlace of a joint. A second template is crciss-

referenced to the first template to align position of the second template on a

second surface of the joint, the second template including at least one guide.

Movement ofthe surgical instalment is directed using the at least one guide

10 of the second template relative to said guide and relative to one of an

anatomical and a biomechanical axis.

[0080] In accordance with related embodiments of the invention, the at

least one contact surface of the first template is substantially a mirror image

of the first surface. The method may further include obtaining electronic

15 image data of the joint, and detennining a shape of the at least one contact

surface of the first template based, at least in part, on electronic image data.

[0081] In accordance with other related embodiments of the invention,

the method may further include, prior to directing movement of the surgical

instrument, positioning at least one contact surface of the second template to

20 the second joint surface. The at least one contact surface of the second

template may be substantially a min-or image of the second surface. The

method may further include obtaining electronic image data of the joint, and

detennining a shape of the at least one contact surface of the second

template based, at least In part, on electronic image data.
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[0082] In accordance with yet fliriher related embodiments of the

invention, cross-referencing the second template to the first template may

includes attaching the second template to the first template. Attaching the

second template to the first template may include performing intraoperative

5 adjustments. The second template is attached to the first template via a pin,

and wherein performing intraoperative adjustments includes rotating the the

second template around the pin. The method may further include performing

an intraoperative adjustment on the position of the second template on the

second surface of the joint, wherein perfonning the intraoperative adjustment

10 includes using one of spacers, ratchets, and telescoping devices. The

method may further include performing an intraoperative adjustment on the

position of the second template on the second surface of the joint, wherein

performing the intraoperative adjustment includes adjusting for at least one of

joint flexion, joint extension, joint abduction, and joint rotation. Directing

15 movement of the surgical instrument using the at least one guide of the

second template may include making one or more cuts or drill holes, the

method further comprising implanting a joint prosthesis as a function of the

one or more cuts or drill holes. The first template may include at least one

guide, the method further comprising directing movement of a surgical

20 instmment using the at least one guide of the first template. Directing

movement of the surgical instrument using the at least one guide of the first

template may include making one or more cuts or drill holes, the method

further comprising implanting a joint prosthesis as a function of the one or

more cuts or drill holes. Directing movement of the surgical instmment using

25 the at least one guide of the second template may include making at least
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one of a cut, a drill hole, and a reaming, the method ftirther comprising

implanting a joint prosthesis.

[0083] In still further related embodiments of the invention, the first

surface ofthe joint may be a femoral surface, and the second surfece of the

5 joint may be a tibial surface. The method may further include obtaining

electronic image data of a joint, detemriining the at least one of a

biomechanical axis and an anatomical axis ofthe joint based, at least in part,

on the electronic image data, wherein the shape and/or position of the guide

of the second template is based, at least in part, on the at least one of the

10 biomechanical axis and the anatomical axis. The electronic image data may

be obtained pre-operatively, intraoperatively, optically, an MRI, a CT, and/or a

spiral CT. The first terrplate may include a thickness based, at least in part,

on at least one of a thickness of an implant to be attached to the first surface

of the joint and a desired space between two opposing surfaces of the joint.

15 [0084] In accordance with another embodiment of the invention, a

method of joint arthroplasty includes positioning at least one contact surface

of a first template onto a first surface of a joint. A second template is cross-

referenced to the first template to align position of the second template on a

second surface of the joint, the second surface opposing the first surface.

20 The second template includes at least one guide. Movement of the surgical

instrument is directed using the at least one guide of the second template.

[0085] In accordance with another embodiment of the invention, a

method ofjoint arthroplasty includes positioning at least one contact surface

of a first template onto a first surface of a joint, wherein the at least one

25 contact surface of the first template is substantially a mirror image ofthe first
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surface. A second template is cross-referencd to the first template to align

position of the second template onto a second surface of the joint, the at least

one contact surface of the second template substantially a minor image of the

second surface of the joint. The second template includes at least one guide.

Movement of the surgical instalment is directed using the at least one guide

of the second template.

[0086] In accordance with another embodiment of the invention, a

method of joint arthroplasty includes positioning at least one contact surface

of a first template onto a first surface of a joint. A second template is cross-

referenced to the first template to align position of the second template on a

second surface of the joint, the second template including at least one guide.

Cross-referendng allows rotation of the second template relative to one of a

biomechanical and an anatomical axis. Movement of the surgical Instrument

is directed using the at least one guide of the second template.

[0087] In accordance with another embodiment of the invention, a

method of joint arthroplasty includes obtaining electronic image data of a joint,

and determining width space of the joint based, at least in part, on the

electronic image data. A template is provided that includes at least one guide

for directing movement of a surgical instmment, wherein at least one of the

shape and position of the guide is based, at least in part, on tiie width space

of the joint.

[0088] In accordance with related embodiment of the invention, tiie

template may include at least one suri'ace for engaging a surface of a joint,

the surface being a mirror image of portions or all of the surfiace. Obtaining

electronic Image data may Include at least one of a CT scan, MRI scan,
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optical scan, and a ultrasound Imaging. Obtaining electronic Image data may

include obtaining image data of a medial space, a lateral space, anterior

space, and/or posterior space of the joint. At least two of the lateral space,

anterior space, and posterior space of the joint may be compared. Obtaining

5 image data may be perfomied in two dimensions or three dimensions.

Detemriining width of the joint may include measuring the distance from the

subchondral bone plate of one articular surface to the subchondral bone plate

of the opposing articular surface. Alternatively, determining width of the joint

may include measuring the distance from from the subchondral bone plate of

1 0 one art:icular surface to the subchondral bone plate of the opposing articular

surface. Obtaining the image data of the joint may be performed in at least

one of joint flexion, joint extension, and joint rotation. At least one of the

shape and position of the guide may be further based, at least in parii, on the

anatomical or biomechanical axis alignment of the joint.

15 [0089] In accordance with another embodiment oftheinverrtion, a

method of joint arthroplasty includes obtaining electronic image data of a joint,

and determining cartilage loss associated with the joint based, at least in part,

on the electronic image data. A template may be provided that includes at

least one guide for directing movement of a surgical instalment so as to

20 correct an axis alignment of the joint, wherein at least one of the shape and

position of the guide is based, at least in part, on the cari:ilage loss.

[0090] In accordance with related embodiments ofthe inverrtion, the

method may further include measuring at least one axis associated with the

joint. Measuring may include a standing x-ray, a weight bearing x-ray, a CT

25 scout scan, a MRI localizer scan, a CT scan, and/or a MRI scan. Obtaining

image data may include a spiral CT, spiral CT arthography, MRI, optical
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imaging, optical coherence tomography, and/or ultrasound. The template

may include at least one contact surface for engaging a surface of the joint,

the contact surface being a min-or image of portions or all of the joint surface.

[0091] In accordance with another embodiment of the invention, a

5 method for joint arthroplasty includes obtaining electronic image data of a

joint, and determining a plurality of measurements based, at least in part, on

the image data. The measurements may be selected from at least one of an

axis associated with the joint and a plane associated with the joint. A
template is provided that includes at least one guide for directing movement

10 of a sui^ical instrument, wherein at least one of the shape and position of the

guide is based, at least in part, on the plurality of measurements.

[0092] In accordance with related embodiments of the invention,

obtaining image data of the joint may include an x-ray, a standing x-ray, a CT

scan, an MRI scan, CT scout scans, and/or MRI localizer scans. The plurality

15 of measurements may include a plurality of axis, a plurality of planes, or a

combination of an axis and a plane. The template may include at least one

contact surface for engaging a surface of a Joint, the contact surface being a

mirror image of portions or all of the joint surface.

[0093] In accordance with another embodiment of the invention, a

20 surgical tool includes a template having a surliace for engaging a joint surface,

the surface being a minor image of a portion or all of the joint surface. The

template further includes two or more guides for directing movement of a

surgical instrument, wherein the shape and/or position of at least one of the

guides is based, at least in part, on at least one axis related to said joint.
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[0094] In accordance with related embodiments of tlie invention, the

template further includes a block removably attached to the surface, the block

including the two or more guides. The two or more guides may include at

least one guide for a cut, a milling, and a drilling. A second surgical tool may

5 be attached to the template, the second tool including at least one guide

aperture for guiding a surgical instrument. At least one guide of the second

surgical tool may guide a sui^ical instrument to make cuts that are parallel,

non-parallel, perpendicular, or non-perpendicular to cuts guided by the first

template.

10 [0095] In accordance with another embodiment ofthe invention, a

method of joint arthroplasty includes peribnning an extended scan of a joint to

obtain elecfronic image data that includes the joint and at least 15 cm or

greater beyond the joint. At least one of an anatomical and a biomechanical

axis associated with the joint is determined based, at least in part, on the

15 electronic image data. A template is provided that includes at least one guide

for directing movement of a surgical instalment, wherein at least one ofthe

shape and position ofthe guide is based, at least in part, on the at least one

ofthe anatomical and the biomechanical axis.

[0096] In accordance with related embodiments of the invention, the

20 joint may be a knee joint, and performing the extended scan of a joint to

obtain electronic image data includes obtaining electronic image data at least

15 cm, 20 cm, or 25 cm beyond the tibiofemoral joint space.

[0097] In accordance with another embodiment of the invention, a

method of joint arthroplasty includes perfonning an imaging scan acquisition

25 that obtains electronic image data through more than one joint. At least one
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of an anatomical axis and a biomechanical axis associated with the joint is

detemnined based, at least In part, on the electronic image data. A template

is provided that includes at least one guide for directing movement of a

surgical instrument, wherein at least one of the shape and position ofthe

5 guide is based, at least in part, on the at least one of the anatomical and the

biomechanical axis.

[0098] In accordance with related embodiments of the invention,

performing the imaging acquisition includes performing a CT, MRI, an X-ray,

and/or a two-plane x-ray, wherein the CT and the MRI includes a slice, spiral,

1 0 and/or volume acquisition. The guide may direct the movement of a surgical

instmrnent to correct a varus deformity and/or a valgus defomriity.

[0099] In accordance with another embodiment of the invention, a

method of joint arthroplasty includes obtaining a first image of a joint in a first

plane, wherein the first image generates a first image volume. A second

15 image of a joint in a second plane is obtained, wherein the second image

generates a second image data volume. The first and second image data

volumes is combined to forni a resultant image data volume, wherein the

resultant image data volume is substantially isotropic. A template is provided

based on the resultant image data volume, the template including at least one

20 surface for engaging a first surface of a Joint, the suriace being a min-or image

of portions or all ofthe first surface. The template fijrther includes at least

one guide for directing movement of a surgical instrument.

[00100] In accordance with related embodiments ofthe invention,

obtaining the first image and the second image may includes a spiral CT,

25 volumetric CT, and/or an MRI scan.
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[00101] In accordance with another embodiment of the invention, a

method for joint arthroplasty includes performing a first cut on a joint to create

a first cut joint surface. Peribmiing the first cut includes positioning at least

one contact surface of a first template onto a first surface ofa joint, the at

least one contact surface being a mirror image of the first surfece of the joint.

The first template includes a guide for directing movement of a surgical

instrument to perfonn the first cut. The first cut is cross-referenced to peribrm

a second cut associated with an opposing surface of the joint.

[00102] In accordance with related embodiments of the invention, cross-

referencing the first cut to make the second cut may include attaching a

second template to the first template so as to assist positioning at least one

contact surface of the second template onto a second surface of the joint.

The second template includes a guide for directing movement of a sui^ical

instrument to perform the second cut. The second template may include at

least one contact surface being a mirror image of the second surface of the

joint. Cross-referencing the first cut to make the second cut may include

positioning at least one contact surface of a third template onto at least a

portion of the first cut surface, and attaching a second template to the third

template so as to position at least one contact surface of the second template

onto a second surface of the joint. The at least one contact surfece of the

third template may be a mirror image of the first cut surface. The first cut may
be a horizontal femoral cut, with the second cut being a vertical femoral cut.

The first cut may be femoral cut with the second cut being a tibial cut. The

first cut may be a femoral cut, and the second cut is a patellar cut. The first

cut may be an acetabular reaming and the second cut is a femoral cut.
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[00103] In accordance with another embodiment of the invention, a

method for joint arthroplasty iricludes positioning at least one contact surface

of a template onto a surface of a joint, the at least one contact surface being a

mirror image of at least a portion ofthe surface of the joint. The template

includes a guide for directing movement of a surgical instrument. The first

template is stabilized onto the first surface.

[00104] In accordance with related embodiments of the invention, the

method may further include obtaining electronic image data of the joint, and

detemnining a shape ofthe at least one contact surface of the first template

based, at least in part, on electronic image data. Stabilizing may include

using k-wires, a screw, an anchor, and/or a drill bit left in place on the joint.

Stabilizing may includes positioning the contact surface on at least one or

more concavities and convexities on the joint. Stabilizing may include

positioning the contact surface on at least one concavity and at least

convexity on the joint. Stabilizing may include positioning the contact surface,

at least partially, on an arthritic portion of the joint Stabilizing may include

positioning the contact surface, at least partially, on an interface between a

nomial and an arthritic portion of the joint. Stabilizing may include positioning

the contact surface, at least partially, against an anatomic feature. The

anatomic feature may be a trochlea, an intercondylar notch, a medial condyle

and a lateral condyle, a medial trochlea and a lateral trochlea, a medial tibial

plateau and a lateral tibial plateau, a fovea capities, an acetabular fossa, a

tri-radiate cartilage, an acetabular wall, or an acetabular rim. Positioning the

contact surface on the surface of the joint may include positioning the contact

surface on, at least partially, a normal portion of the joint. Determining the

position of the guide on the template may be based, at least in part, on
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ligament balancing and/or to optimize at least one of flexion and extension

gap. The method may ftirtlier include adjusting tlie position of the guide

relative to the joint intraoperatively, using for example, a spacer, a ratchet

device, and a pin that allows rotation.

5 [0010S] In accordance with another embodiment of the invention, a

method for joint arthroplasty includes positioning at least one contact surface

of a template onto a surface of a joint, such that the contact surface, at least

partially, rests on, and is a min^or image of, an interface between an arthritic

and a normal portion of the joint surface. The template includes a guide for

1 0 directing movement of a surgical instrument. A surgical intervention is made

on the joint with the surgical instrument based, at least in part, on the guide.

[00106] In accordance with another embodiment of the invenfion, a

template includes at least one contact surtiaoe for positioning onto a suri^ace

of a joint, the contact suriiace at least partially being a rriimr image of an

15 interiace between an arthritic and a nomnal portion of the joint surface. A
guide directs movement of a surgical instmrnent.

[00107] In accordance with another embodiment of the invention, a

method forjoint arthroplasty includes positioning at least one contact suri'ace

of a template onto a surface of a joint, such that the contact surface, at least

20 partially, rests on, and is a mirror image of, an arthritic portion of the joint

surface. The template includes a guide for directing movement of a surgical

instrument. A surgical intervention is made on the joint with the surgical

instmment based, at least in part, on the guide.

[00108] In accordance with another embodiment of the invention, a

25 template includes at least one contact suriiace for positioning orrto a surface
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of a joint, the contact surliace at least partially being a mirror image of a

normal portion of the joint surface. The template includes a guide for

directing movement of a surgical instrument.

[00109] In accordance with another embodiment of the invention, a

5 method forjoint arthroplasty includes performing a phantom scan of one of a

MR! and CT instrument. Using the one of the an MRI and CT instrument, a

scan on a joint is performed. A shape of the at least one contact surface of

the first template is determined, based, at least in part, on the phantom scan

and the scan of the joint, tiie at least one contact surface being a min-or

10 image of at least a portion of the surface ofthe joint. The template includes a

guide for directing movement of a surgical instmment.

[001 1 0] In accordance with related embodiments of the invention, the

phantom scan may be perfonned prior to the scan of the joint, the method

further comprising adjusting the one of the MRI and the CT instmment. The

15 phantom scan may be perfonned after perfomning the scan of the joint,

wherein the scan of the joint is optimized based on the phantom scan.

[001 1 1] In accordance with another embodiment of the invention, a

method forjoint arthroplasty includes detemnining a desired femoral

component rotation for one of a uni-compartmental or total knee replacement.

20 A template is provided that includes at least one guide for directing movement

of a surgical instrument, attached linkage, and/or tool. At least one of the

shape and position of the guide is based, at least in part, on the desired

femoral component rotation.

[001 12] In accordance with related embodiments of the invention,

25 detemnining the desired femoral component rotation may include measuring
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one or more anatomic axis and/or planes relevant to femoral component

rotation. The one or more anatomic axis and/or planes may be a

transepicondylar axis, tlie Wliiteside line, and/or the posterior condylar axis.

The guide may direct a femoral cut, the method fLirther comprising rotating

5 the template so that the femoral cut is parallel to a tibial cut with substantially

equal tension medially and laterally applied from medial and lateral ligaments

and soft tissue.

[0011^ In accordance with another embodiment of the invention, a

method forjoint arthroplasty includes detemnining a desired tibial component

10 rotation for one of a uni-compartmental or total knee replacement. A tibial

template is provided that includes at least one guide for directing movement

ofa surgical instrument, attached linloge, and/or tool. At least one of the

shape and position of the guide is based, at least in part, on the desired tibial

component rotation.

15 [001 1 4] In accordance with related embodiments of the invention,

determining the desired tibial component rotation may include measuring one

or more anatomic axis and/or planes relevant to tibial component rotation.

The one or more anatomic axis and/or planes may be at an anteroposterior

axis of the tibia, and/or the meidal one-third of the tibial tuberosity. The guide

20 may direct a femoral cut, the method further comprising rotating the template

so that the femoral cut is parallel to a tibial cut with substantially equal tension

medially and laterally applied from medial and lateral ligaments and soft

tissue.

[00115] In accordance with another embodiment ofthe invention, a

25 method of hip arthroplasty includes detennining leg length discrepancy and
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obtaining electronic image data of the liip joint. A template is provided that

includes at least one guide for directing movement of a surgical instrument,

attached linkage, and/or tool. The template includes at least one contact

surface that is a min^or image of the femora! neck, wherein at least one of the

5 shape and position of the template and/or guide is based, at least in part, on

the electronic image data.

[001 16] In accordance with related embodiments ofthe invention,

detemiining leg length discrepancy may include a standing x-ray of the leg, a

CT scout scan, a CT, and/or an MRI. The guide may assist a surgical

1 0 instrument in cutting the femoral neck.

[001 17] In accordance with another embodiment of the invention, a

method forjoint arthroplasty includes detemiining a desired femoral

component rotation for a hip. A template is provided that includes at least

one guide for directing movement of a surgical instrument, attached linkage,

15 and/ortool. At least one of the shape and position of the guide is based, at

least in part, on the desired femoral component rotation.

[00118] In accordance with another embodiment ofthe invention, a

method forJoint arthroplasty includes detemiining a desired acetabular

component rotation for a hip. An acetabular template is provided that

20 includes at least one guide for directing movement of a surgical instrument,

attached linkage, and/or tool. At least one of the shape and position of the

guide is based, at least in part, on the desired acetabular component rotation.

[001 1 9] In accordance with another embodiment of the invention, a

method for joint arthroplasty includes determining a desired humems

25 component rotation for a shoulder. A template is provided that includes at
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least one guide for directing movement of a surgical instrument, attached

linkage, and/or a tool. At least one of the shape and position of the guide Is

based, at least in part, on the desired humerus component rotation.

[00120] In accordance with another embodiment of the invention, a

5 method for joint arthroplasty includes providing a template that includes at

least one surface for engaging a surface of a joint based, at least in part, on

substantially isotropic input data. The surface is a mimor image of portions or

all of the joint surface. The template includes at least one guide for directing

movement of a surgical instrument.

10 [00121] In related embodiments ofthe invention, said input data is

acquired using fusion of image planes, or substantially isotropic MRI and

spiral CT.

[00122] In accordance with another embodiment of the invent'on, a

method for ligament repair includes obtaining electronic image data of at least

15 one surface associated with a ligament A first template is created based, at

least in part, on the image data. The first template has at least one contact

surface that conforms with at least a portion ofthe surface. The first template

includes at least one guide for directing movement of a surgical instrument

involved with the ligament repair.

20 [00123] In related embodiments of the invention, the ligament may be an

anterior cruciate ligament or a posterior cruciate ligament. The method may

further include determining a tunnel site for a ligament graft. Detennining the

tunnel site may include identilying an origin ofthe ligament on a first articular

suriiace, and an insertion position onto a second articular surface opposing

25 the first articular surface. Determining the tunnel site may include identilying
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at least one of a bony landmark and a remainder of a ligamerrt based on the

image data. The surface may be adjacent to the tunnel site, or a non-weight

bearing surface. The first template may includes a drill guide aperture, the

method further including positioning the template such that the at least one

5 contact surface contacts the at least a portion ofthe surface, and drilling a

ligament tunnel, wherein the drilling is guided by the drill guide aperture. At

least one of the shape, position and orientation of the drill guide aperture on

the first template may be based, at least in part, on a distance of the tunnel to

adjacent cortical bone. The drill guide aperture may includes a stop, such

10 that a desired drill depth is obtained. The image data may be obtained

preoperatively. The image data may be obtained by a CT scan or an MRI

scan. The image data may be obtained in joint flexion, joint extension, joint

abduction, joint adduction, and/or joint rotation. The method may further

include identilying a graft harvest site based on the image data, and using the

15 first template to guide harvesting of at least one of ligament and bone fonn

the graft han/est site. The method may further include cross-referendng a

second template to the first template to align position of the second template

on a second surfece associated with the ligament, the second template

including at least one guide, and directing movement of the instmment using

20 the at least one guide of the second template relative to said guide. The first

and second suri'aces may be opposing articular surfaces. The first surface

may be a femoral suriiace and the second surfiace may be a tibial surface.

The first template may include a tissue retractor. The tissue retractor may be

a flange or an extender on the template. The template may be used for single

25 bundle or a double bundle ligament reconstmction.
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[00124] In any of the embodiments and aspects described lierein, the

joint can be, \without limitation, a knee, shoulder, hip, vertebrae, elbow, ankle,

foot, toe, hand, wrist or finger.

Bref Descriptiow of the Drawimgs

5 [00125] The foregoing features of the invention will be more readily

understood by reference to the following detailed description, taken with

reference to the accompanying drawings, in which:

[001 26] Fig. 1 is a flowchart depicting various methods of the present

invention including, measuring the size of an area of diseased cartilage or

10 cartilage loss, measuring the thickness of the adjacent cartilage, and

measuring the curvature of the articular surface and/or subchondral bone.

Based on this information, a best-fitting implant can be selected from a library

of implants or a patient specific custom implant can be generated. The

implantation site is subsequently prepared and the implantation is perfomned.

15 [00127] Fig. 2 is a color reproduction of a three-dimensional thickness

map of the articular cartilage of the distal femur. Three-dimensional thickness

maps can be generated, for e)ample, from ultrasound, CT or MRI data. Dark

hol^ within the substances of the cartilage indicate areas of full thickness

cartilage loss.

20 [00128] Fig. 3a shows an example of a Placido disc of concentrically

arranged circles of light. Fig. 3b shows an example of a projected Placido

disc on a surface of fixed curvature.

[00129] Fig. 4 shows a reflection resulting from a projection of

concentric circles of light (Placido Disk) on each femoral condyle.
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demonstrating the effect of variation in surface contour on the reflected

circles.

[00130] Fig. 5 shows an example of a 2D color-coded topographical

map of an irreguiariy curved surface.

[00131] Fig. 6 shows an example of a 3D color-coded topographical

map of an irneguiariy curved surface.

[00132] Figs. 7a-h illustrate, in cross-section, various stages of knee

resurfacing, in accordance with various embodiments of the invention.

Fig. 7a shows an example of normal thickness cartilage and a cartilage

defect. Fig. 7b shows an imaging technique or a mechanical, optical, laser or

ultrasound device measuring the thickness and detecting a sudden change in

thickness indicating the margins of a cartilage defect. Fig. 7c shows a weight-

bearing surface mapped onto the articular cartilage. Fig. 7d shows an

intended implantation site and cartilage defect. Fig. 7e depicts placement of

an exemplary single component articular surface repair system. Fig. 7f

shows an exemplary multi-component articular surface repair system. Fig. 7g

shows an exemplary single component articular surface repair system.

Fig. 7h shows an exemplary multi-component articular surface repair system.

[00133] Figs. 8a-e, illustrate, in cross-section, exemplary knee imaging

and resurfacing, in accordance with various embodiments of the invention.

Fig. 8a shows a magnified view of an area of diseased cartilage. Fig. 8b

shows a measurement of cartilage thickness adjacent to the defect. Fig. 8c

depicts placement of a multi-component mini-prosthesis Ibr articular

resurfacing. Fig. 8d is a schematic depicting placement of a single component

mini-prosthesis utilizing stems or pegs. Fig. 8e depicts placement of a single
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component mini-prosthesis utilizing stems and an opening for injection of

bone cement.

[00134] Figs. 9a-c, illustrate, in cross-section, otiner exemplary knee

resurfacing devices and methods, in accordance with various embodiments of

5 the invention. Fig. 9a depicts normal thickness cartilage in the anterior and

central and posterior portion of a femoral condyle and a large area of

diseased cartilage in the posterior portion of the femoral condyle. Fie. 9b

depicts placement of a single component articular surface repair system.

Fig. 9c depicts a multi-component articular surface repair system.

10 [001351 Figs. 10a-b are flow charts illustrating steps for forming a device

in situ, in accordance with various embodiments of the invention.

[00136] Figs. 11a-g illustrate, in cross-section, the use of an inflation

device to form an implant, in accordance with various embodiments of the

invention.. Fig. 11a illustrates a single lumen balloon inserted between two

15 joint suriiaces where the inflation occurs within the bounds of the joint.

Fig. 11b illustrates another single lumen balloon inseri]ed between two joint

suriiaces where the inflatable surfaces extend beyond a first and second edge

of a joint. Fig. 11c illustrates another single lumen balloon between two joint

surtiaces. Fig. 11d illustrates a multi-balloon solution using two balloons where

20 the balloons are adjacent to each other within the joint. Fks. 1 1 e ill ustrates an

alternative multi-balloon solution wherein a first balloon is comprised within a

second balloon. Fig. 11f illustrates another multi-balloon solution where a first

balloon lies within tiie lumen of a second balloon and fijriher wherein the

second balloon is adjacent a third balloon. Fig. 11g illustrates a 3 balloon
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configuration wherein a first balloon lies adjacent a second balloon and a third

balloon fits within the lumen of one of the first or second balloon.

[00137] Fies. 12a-e illustrate a variety of cross^ectional shapes

achieved using balloons \Mth variable wail thicl<nesses or material

5 compositions, in accordance with various embodiments of the invention. In

Fie. 12a the inflation device enables the implant to achieve a surface

conforming to the iregularities of the joint surface. In Fie. 12b the inflation

device enables the implant to achieve a suriiace that sits above the in-egular

joint surface; FiG. 12c illustrates a device fbrnied where a central portion of

10 the device sits above the joint surface irregularities while the proximal and

distal ends illustrated Ibrm a lateral abutting surface to the joint defects.

Fig. 12d illustrates a device formed using a first inflation device within a

second inflation device, with an exterior configuration similar to that shown in

Fig. 12a; while Fig, 12e illustrates an altematrve device formed using at least

15 two different inflation devices having an exterior shape similar to the device

shown in Fig. 12c.

[001 38] Figs. 1 3a-j(1 -3) show a variety of cross-sectional views of the

inflation devices shown in Figs. 11 and 12 taken at a position perpendicular to

the views shown in Figs. 11 and 12.

20 [00139] Figs. 14A-J illustrate the use of a retaining device lo form an ,

implant h situ, in accordance with various embodiments ofthe Invention.

[00140] Figs. 1 5a-b show single and multiple component devices, in

accordance with various embodiments of the invention. Fig. 15a shows an

exemplary single component articular surface repair system with varying

25 curvature and radii. Fig. 15b depicts a multi-component articular surface
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repair system with a second component that mirrors the shape ofthe

subchondral bone and a first component closely matches the shape and

curvature of the surrounding normal cartilage.

[00141] Figs, 16a-b show exemplary articular repair systems having an

5 outer contour matching the surrounding normal cartilage, in accordance with

various embodiments of the invention. The systems are implanted into the

underlying bone using one or more pegs.

[00142] Fig. 17 shows a perspective view of an exemplary articular

repair device including a flat surface to control depth and prevent toggle; an

10 exterior surface havlng the contour of normal cartilage; flanges to prevent

rotation and control toggle; a groove to facilitate tissue in-growth, in

accordance with one embodiment of the invention.

[00143] Figs, 18a-d depict, in cross-section, another example of an

Implant with multiple anchoring pegs, in accordance with various

15 embodiments of the invention. Fig. 18b-d show various cross-sectional

representations ofthe pegs: Fig. 18b shows a peg having a groove; Fig. 18c

shows a peg with radially-extending amis that help anchor the device in the

underlying bone; and Fig, 18d shows a peg with multiple grooves or flanges.

[00144] Fig. 19A-B depict an overhead view of an exemplary

20 implant with multiple anchoring pegs and depict how the pegs are not

necessarily linearly aligned along the longitudinal axis of the device, in

accordance with various embodiments of the invention.

[00145] Figs, 20a-e depict an exemplary implant having radially

extending arms. In accordance with various embodiments of the invention.
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Fies. 20B-E are overhead views of the implant showing that the shape ofthe

peg need not be conical.

[00146] Fig. 21a illustrates a femur, tibia and fibula along with the

mechanical and anatomic axes. Figs. 21 b-e illustrate the tibia with the

5 anatomic and mechanical axis used to create a cutting plane along with a cut

femur and tibia. Fig. 21f illustrates the proximal end of the femur including the

head of the femur.

[00147] Fig. 22 shows an example of a surgical tool having one surface

matching the geometry of an articular surface of the joint, in accordance with

1 0 one embodiment of the invention. Also shown is an aperture In the tool

capable of controlling drill depth and width of the hole and allowing

Implantation of an insertion of implant having a press-fit design.

[00148] Fig. 23 is a flow chart depicting various methods of the Invention

used to create a mold for preparing a patient's joint for arthroscopic surgery,

15 in accordance with one embodiment of the invention

.

[00149] Fig. 24a depicts, in cross-section, an example of a surgical tool

containing an aperture through which a surgical drill or saw can fit, in

accordance with one embodiment of the inventiionn. The aperture guides the

drill or saw to make the proper hole or cut in the underiying bone. Dotted

20 lines represent where the cut con-esponding to the aperture will be made i

n

bone. Fig. 24b depicts, in cross-section, an example of a surgical tool

containing apertures through which a surgical drill or saw can fit and which

guide the drill or saw to make cuts or holes in the bone, in accordance with

one embodiment of the invention. Dotted lines represent where the cuts

25 corresponding to the apertures will be made in bone.
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[001 50] FIGS. 25A-R illustrate tibial cutting blocks and molds used to

create a surface perpendicular to the anatomic axis for receiving tine tibial

portion of a knee implant, in accordance with various embodiments of the

invention.

5 [00151] Figs. 26a^ illustrate femur cutting blocks and molds used to

create a surface for receiving the femoral portion of a knee implant, in

accordance with various embodiments of the invention. FIG. 26p illustrates an

axis defined by the center of the tibial plateau and the center of the distal

tibia. Fig. 26q shows an axis defining the center of the tibial plateau to the

1 0 the femoral head. Fig. 26r and 26s show isometric views of a femoral

template and a tibial template, respectively, in accordance with various

embodiments of the invention. Fig. 26t illustrates a femoral guide reference

tool attached to the femoral template, in accordance with an embodiment of

the invention. Fig. 26u illustrates a sample implant template positioned on the

15 chondyle, in accordance with an embodiment of the invention. Fig. 26v is an

isometric view of the interior surface of the sample implant template, in

accordance with an embodiment of the invention. Fig. 26w is an isometric

view of the tibial template attached to the sample implant, in accordance with

an embodiment ofthe invention. Fig. 26x shows a tibial template that may be

20 used, after the tibial cut has been made, to further guide surgical tools, in

accordance with an embodiment of the invention. Fig. 26y shows a tibial

implant 2415 and femoral implant inserted onto ihe tibia and femur,

respectively, after the above-described cuts have been made, in accordance

with an embodiment of the invention. Fig. 26yshows a tibial implant and

25 femoral implant inserted onto the tibia and femur, respectively, in accordance

with an embodiment of the invention.
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[001 52] Fig. 27a-g illustrate patellar CLitting blocks and molds used to

prepare the patella for receiving a portion of a knee implant, in accordance

with various embodiments of the invention.

[001 53] Fig. 28A-H illustrate femoral head cutting blocks and molds used

5 to create a surface for receiving the femoral portion of a knee implant, in

accordance with various embodiments of the invention.

[00154] Fig. 29a-d illustrate acetabulum cutting blocks and molds used

to create a surface for a hip implant, in accordance with various embodiments

of the invention.

10 [00155] Fig. 30 illustrates a 3D guidance template in a hip joint, wherein

the surface of the template facing the joint is a mirror image of a portion of the

joint that is not affected by the arthritic process, in accordance with one

embodiment of the invention.

[001 56] Fig. 31 illustrates a 3D guidance template for an acetabulum,

15 wherein the surface of the template facing the joint is a mirrar image of a

portion of the joint that is affected by the arthritic process, in accordance with

an embodiment of the invention.

[001 57] Fig. 32 illustrates a 3D guidance template designed to guide a

posterior cut using a posterior reference plane, in accordance with an

20 embodi ment of the invention. The joint facing surfece of the template is, at

least in part, a mirror image of portions of the joint that are not altered by the

arthritic process.

[00158] Fig. 33 illlustrates a 3D guidance template designed to guide an

anterior cut using an anterior reference plane, in accordance with an
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embodiment of the invention. Tlie joint feeing surface ofthe template is, at

least in part, a mirror image of portions of the joint that are aitered by the

arthritic process.

[001 59] Fig. 34 illustrates a 3D guidance template for guiding a tibial cut

5 (not shown), wherein the tibia Includes an arthritic portion, in accordance with

an embodiment ofthe Invention. The template is designed to avoid the

arthritic process by spanning across a defect or cyst.

[00160] Fig. 35 illustrates a 3D guidance template for guiding a tibial cut,

in accordance with an embodiment of the invention. The interiace between

10 normal and arthritc tissue is included in the shape of the template.

[00161] Fig. 36a illusfrates a 3D guidance template wherein the surface

of the template facing the joint is a mirror image of at least portions of the

surface of a joint that is healthy or substantially unaffected by the arthritic

process, in accordance with an embodiment of the invention. Fig. 36b

15 illustrates the 3D guidance template wherein the surface of the template

feeing the joint is a min-or image of at least portions of the surface of the joint

that is healthy or substantially unaffected by the arthritic process, in

accordance with an embodiment of the invention. The diseased area is

covered by the template, but the mold is not substantially in contact with it.

20 Fig. 36c ill ustrates the 3D guidance template wherein the surtace of the

template feeing the joint is a min^or image of at least portions ofthe surface of

the joint that are arthritic, in accordance with an embodiment of the invention.

Fig. 36d illustrates the 3D guidance template wherein the template closely

minrors the shape ofthe interfece between substantially normal or near
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normal and diseased joint tissue, in accordance with an embodiment of the

invention.

[001 62] FrGS. 37A-D show multiple molds with linlages on the same

articular surface (a-c) and to an opposing articular suriiace (D), in accordance

5 with various embodiments of the invention.

[00163] Fig. 38 Illustrates a deviation in the AP plane of the femoral and

tibial axes in a patient, in accordance with an embodiment of the invention.

[00164] Fig. 39 is a flow diagram showing a method wherein measured

leg length discrepancy is utilized to determine the optimal cut height of a

1 0 femoral neck cut lor total hip arthroplasty, in accordance with an embodiment

of the invention.

[001 65] Figs. 40a-c illustrate the use of 3D guidance templates for

performing ligament repair, in accordance with an embodiment of the

invention.

15 [00166] Fig. 41 shows an example of treatment of CAM impingement

using a 3D guidance template, in accordance with an embodiment ofthe

invention.

[00167] Fig. 42 shows an example of treatment of Pincer impingement

using a 3D guidance template, in accordance with an embodiment ofthe

20 invention.

[00168] Fig. 43 shows an example of an intended site for placement of a

femoral neck mold for total hip arthroplasty, in accordance with one

embodiment of the invention.
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[00169] Fks. 44 shows an example of a femoral neck mold with handle

and slot, in accordance with an embodimerrtof the invention.

[00170] Fig. 45 shows an example of a posterior acetabular approach

for total hip replacement, in accordance with an embodiment of the invention.

5 [00171] Fig. 46 shows an example of a guidance mdd used for reaming

the site for an acetabular cup, in accordance with an embodiment of the

invention.

[00172] Fig. 47 shows an example of an optional second femoral neck

mold, placed on the femoral neck cut, providing and estimate of anteversion

10 and longitudinal femoral axis.

[00173] Fig. 48a illustrates a patella modeled from CT data. Figs. 48B-D

illustrate a mold guide, and then the mold guide placed on an articular surfece

of the patella. Fig. 48e Illustrates a drill placed into a patella through mold drill

guide. Fig. 48f illustrates a reamer used to prepare the patella.

1 5 [00174] Fig. 49a illustrates a reamer made for each patella size. Fig.

49b illustrates a reamed patella ready for patella implantation.

[00175] Figs. 50A-F illustrate a recessed patella implanted on a patella.

Detailed Descriptiow of the Imvemtiqm

[00176] The following description is presented to enable any person

skilled in the art to make and use the Invention. Various modifications to the

embodiments described will be readily apparent to those skilled in the art, and

the generic principles defined herein can be applied to other embodiments
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and applications without departing lirom the spirit and scope of the present

Invention as defined by the appended claims. Thus, the present invention Is

not intended to be limited to the embodiments shown, but is to be accorded

the widest scope consistent with the principles and features disclosed herein.

5 To the extent necessary to achieve a complete understanding of the invention

disclosed, the specification and drawings of all issued patents, patent

publications, and patent applications cited in this application are Incorporated

herein by reference.

[00177] 3D guidance surgical tools, referred to herein as a 3D guidance

10 surgical templates, that may be used for surgical assistance may include,

without limitation, using templates, jigs and/or molds, including 3D guidance

molds. It is to be understood that the terms template," "jig," "mold," "3D

guidance mold," and "3D guidance template," shall be used interchangeably

within the detailed description and appended claims to describe the tool

1 5 unless the context indicates otherwise.

[001 78i 3D guidance surgical tools that may be used may include guide

apertures, ft is to be understood that the term guide aperture shall be used

interchangeably within the detailed description and appended claims to

describe both guide surface and guide elements.

20 [00179] As will be appreciated by those of skill in the art, the practice of

the present invention employs, unless otiienvise indicated, conventional

methods of x-ray imaging and processing, x-ray tomosynthesis, ultrasound

including A-scan, B-scan and C-scan, computed tomography (CT scan),

magnetic resonance imaging (MRI), optical coherence tomography, single

25 photon emission tomography (SPECT) and positron emission tomography
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(PET) within tlie skill of the art. Such techniques are explained fully in the

literature and need not be described herein. See, e.g., X-Ray Stmcture

Determination: A Practical Guide, 2nd Edition, editors Stout and Jensen,

1989, John Wiley & Sons, publisher; Body CT: A Practical Approach, editor

5 Slone. 1999, McGraw-Hill publisher; X-ray Diagnosis: A Physician's

Approach, editor Lam, 1998 Springer-Verlag, publisher and Dental

Radiology: Understanding the X-Ray Image, editor Laetitia Brocklebank 1997,

Oxford University Press publisher. See also. The Essential Physics of

Medical Imaging (2""* Ed.), Jen-old T. Bushberg, et al.

10 [00180] The present invention provides methods and compositions for

repairing joints, particulariy for repairing articular cartilage and for facilitating

the integration of a wide variety of cartilage repair materials into a subject.

Among other things, the techniques described herein allow for the

customization of cartilage repair material to suit a particular subject, for

1 5 example i n terms of size, cartilage thickness and/or curvature. When the

shape (e.g., size, thickness and/or curvature) ofthe articular cartilage surface

is an exact or near anatomic fit with the non-damaged cartilage or with the

subject's original cartilage, the success of repair is enhanced. The repair

material can be shaped prior to implantation and such shaping can be based,

20 for example, on electronic images tiiat provide i nformation regarding

curvature or thickness of any "normal" cartilage sun-ounding the defect and/or

on curvature of the bone underiying the defect. Thus, the current invention

provides, among other things, for minimally invasive methods for partial joint

replacement. The methods will require only minimal or, in some instances, no

25 loss in bone stock. Additionally, unlike with current techniques, the methods

described herein will help to restore the integrity of the articular suriace by
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acdiieving an exact or near anatomic match between the implant and the

sun-ounding or adjacent cartilage and/or subchondral bone.

[00181] Advantages of the present invention can include, but are not

limited to, (1) cusrtomizalion ofjoint repair, thereby enhancing the efficacy and

5 conrrfbrt level for the patient following the repair procedure; (ii) eliminating the

need for a surgeon to measure the defect to be repaired intraoperatively in

some embodiments; (iii) eliminating the need for a surgeon to shape the

material during the implantation procedure; (iv) providing methods of

evaluating curvature of the repair material based on bone or tissue images or

10 based on intraoperative probing techniques; (v) providing methods of

repairing joints with only minimal or, in some instances, no loss in bone stock;

and (vi) impnaving postoperative joint congruity.

[00182] Thus, the methods described herein allow for the design and

use ofjoint repair material that more precisely fits the defect (e.g., site of

15 implantation) and, accordingly, provides improved repair of the joint.

[00183] I. Assessment of Joints and Alignment

[00184] The methods and compositions described herein can be used to

treat defects resulting from disease of the cartilage (e.g., osteoarthritis), bone

damage, cartilage damage, trauma, and/or degeneration due to overuse or

20 age. The invention allows, among other things, a health practitioner to

evaluate and treat such defects. The size, volume and shape of the area of

interest can include only the region of cartilage that has the defect, but

preferably will also include contiguous parts of the cartilage sun^ounding the

cartilage defect.
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[001851 As will be appreciated by those of skill in the art, size, curvature

and/or thickness measurements can be obtained using any suitable

technique. For example, one-dimensional, two-dimensional, and/or three-

dimensional measurements can be obtained using suitable mechanical

5 means, laser devices, electromagnetic or optical tracking systems, molds,

materials applied to the articular surface that harden and "memorize the

surface contour," and/or one or more imaging techniques known in the art.

Measurements can be obtained non-invasively and/or intraoperatively {e.g.,

using a probe or other surgical device). As will be appreciated by those of skill

10 in the art, the thickness of the repair device can vary at any given point

depending upon the depth of the damage to the cartilage and/or bone to be

corrected at any particular location on an articular surface.

[001 86] As illustrated in Fig. 1 , typically the process begins by first

measuring the size of the area of diseased cartilage or cartilage loss 10.

15 Thereafter the user can optionally measure the thickness of adjacent

cartilage 20. Once these steps are perfomned, the curvature of the articular

surface is measured 30. Alternatively, the curvature of subchondral bone can

be measured.

[00187] Once the size ofthe defect Is known, either an implant can be

20 selected from a library 32 or an implant can be generated based on the

patient specific parameters obtained in the measurements and evaluation 34.

Prior to installing the implant in the joint, the implantation site is prepared 40

and then the implant is installed 42. One or more of these steps can be

repeated as necessary or desired as shown by the optional repeat steps 11,

25 21, 31, 33, 35. and 41.
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A. IMAGING TECHMIQUgft

I- Thickness and Curvature

[00188] As will be appreciated by those of skill in the art, imaging

techniques suitable fbr measuring thickness and/or curvature {e.g., of

5 cartilage and/or bone) or size of areas of diseased cartilage or cartilage loss

include the use of x-rays, magnetic resonance imaging (MRI), computed

tomography scanning (CT, also known as computerized axial tomography or

CAT), optical coherence tomography, ultrasound imaging techniques, and

optical imaging techniques. (See, also, Internartional Patent Publication

10 WO 02/22014 Id Alexander, et a!., published l\1arch 21, 2002; U.S. Patent

No. 6,373,250 to Tsoref et al., issued April 16, 2002; and Vandeberg et ai.

(2002) Radiology 222:430-436). Contrast or other enhancing agents can be

employed using any route of administration, e.g. intravenous, intra-arficular,

etc.

15 [00189] Based on the imaging performed, the soflware may evaluate the

fit of different implants and/or surgical guide templates with regard to

dimensions, overall size and shape. The dimensions, overall size and shape

may be optimized with regard to corfcal bone shape and dimensions, cortical

bone thickness, endosteal bone shape, size of marrow cavity, articular

20 surface shape and dimensions, subchondral bone shape and dimensions, or

subchondral bone thickness. Thus, for example, an implant may either be

custom made or selected from a number of pre-manufadured implants that is

optimized with regard to any of the following or combinations thereof: AP
dimensions and shape, mediolateral dimensions and shape, superoinfiBrior

25 dimensions and shape, shape of the articulating surface, shape and
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dimensions of tlie interface in contact with cortical bone, sliape and

dimensions of intramedullary portions or components. These parameters may

also be optimized for implant function, e.g. for different degrees ofjoint flexion

or extension or abduction or adduction or internal or external rotation.

5 [00190] In certain embodiments, CT or MR! is used to assess tissue,

bone, cartilage and any defects therein, Ibr example cartilage lesions or areas

of diseased cartilage, to obtain information on subchondral bone or cartilage

degeneration and to provide morphologic or biochemical or biomechanical

Information about the area of damage. Specifically, changes such as

10 fissuring, partial or full thickness cartilage loss, and signal changes within

residual cartilage can be detected using one or more of these methods. For

discussions of the basic NMR principles and techniques, see MRI Basic

Principles and Applications, Second Edition, Mark A. Brown and Richard C.

Semelka, Wiley-Liss, Inc. (1999). For a discussion of MRI including

15 conventional T1 and T2-weighted spin-echo imaging, gradient recalled echo

(GRE) imaging, magnetization transfer contrast (MTC) imaging, fast spin-

echo (FSE) imaging, contrast enhanced imaging, rapid acquisition relaxation

enhancement (RARE) imaging, gradient echo acquisition in the steady state

(GRASS), and driven equilibrium Fourier transform (DEFT) imaging, to obtain

20 information on cartilage, see Alexander, et al., WO 02/22014. Other

techniques include steady state fi-ee precision, flexible equilibriLim MRI and

DESS. Thus, in preferred embodiments, the measurements produced are

based on three-dimensional images of the joint obtained as described in

Alexander, et al., WO 02/22014 or sets of two-dimensional images ultimately

25 yielding 3D information. Two-dimensional, and three-dimensional images, or

maps, of the cartilage alone or in combination with a movement pattern of the
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joint, e.g. flexion - extension, Iranslation and/or rotation, can be obtained.

Three-dimensional images can Include information on movement patterns,

contact points, contact zone of two or more opposing articular surfaces, and

movement of the contact point or zone during joint motion. Two- and three-

dimensional images can include infomiation on biochemical composition of

the articular cartilage. In addition, Imaging techniques can be compared over

time, for example to provide up-to-date information on the shape and type of

repair material needed.

[00191] Traditional CT and MR! scans utilize two dimensional cross-

sectional Images acquired In different imaging planes to visualize complex

three-dimensional articular anatomy. With computed tomography, these

slices are typically acquired in the axial plane. The In-plane resolution is

typically on the order of 0.25 x 0.25 millimeters. The slice thickness may vary

from one to five millimeters. Thus, the resolution obtained with these imaging

studies is not Isotropic. Moreover, the CT slices and, similarly with MRI, may

be separated by one or more millimeters. This means that the resolution of

the images is excellent within the imaging plane. However, two to ten-fold

loss In image resolution can be encountered in a plane perpendicular to the

slices acquired by the CT or MRI scanner. This limitation in resolution

perpendicular to the imaging plane can result in inaccurades in deriving the

three-dimensional shape of, without limitation, an implant and/or a 3-D

guidance template, described in more detail below.

[00192] In accordance with one embodiment of the invention, spiral CT
imaging is utilized to acquire the images rather than standard CT technology.

With recent CT technology, slip ring technology is Incorporated in the

scanner. A slip ring is a circular contact with sliding bmshes that allows the
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gantry to rotate continuously, untethered by electrical wires. The use of slip

ring teclinology eliminates the initial limitations at tlie end of each slice

acquisition. Thus, the rotating gantry is fi-ee to rotate continuously throughout

the examination of a joint. A slip ring CT scanner design allows greater

5 rotational velocities, thereby shortening scan times. With a spiral CT scan

data is acquired while the table is moving. As a result, the x-ray source

moves in a spiral or helical rather than a circular pattern around the patient.

The speed of the table motion relative to the rotation of the CT gantry is a

very Important consideration for image quality in helical or spiral CT scanning.

10 This parameter is call pitch. In a preferred embodiment, spiral CT scans will

be acquired through the joint wherein these spiral CT scans afford a

resolution that is isotropic, for example 1 millimeter by 1 millimeter by 1

millimeter in x, y and z direction, or, more preferred, 0.75 x 0.75 x 0.75

millimeters in x, y and z direction, or, more preferred, 0.5 x 0.5 x 0.5

15 millimeters in x, y and z direction, or, more prefen-ed 0.25 x 0.25 x 0.25

millimeters in x, y and z direction. Near isotropic data sets are also

acceptable partcularly if the maximum resolution in any one of the three

special orientations does not exceed 1.5 millimeters, or, more preferred 1.0

millimeters, or, more preferred 0.75 millimeters, or, more preferred 0.5

20 millimeters. Thus, the present invention recognizes that the accuracy in

placing a 3-D guidance template on an articular surface, or shaping an

implant, can be greatly improved with isotropic or near isotropic data sets as

compared to traditional 2-D slice based data sets derived from either CT or

MRI or other imaging technologies. For example, a knee joint scan data

25 acquired with near isotropic resolution of 0.4 x 0.4 x 0.7 millimeters (e.g. a

resolution ratio of less than 2:1 between the different dimensions and

64



wo 2007/092841 PCT/US2007/061681

resolution in all three dimensions preferably better than 1mm) will yield

greater positional accuracy in placing a 3-D guidance template on the

articular surface than scan data acquired using traditional CT scans, for

example, with a scan resolution of 0.4 x 0.4 x 1 .2 millimeters.

5 [00193] With MRI. standard acquisition call sequences also result in two

dimensional slices for displaying complex three dimensional articular

anatomy. The two dimensional slices can be acquired using 2-D or 3-D

Fourier transformation. After the 2-D or 3-D transform, 2-D slices are

available for image viewing and image processing. Of note, typically the

10 image resolution in the imaging plane will be two or more fold greater than the

image resolution perpendicular to the primary imaging plane. Similar to CT,

this limitation in spatial resolution in the plane perpendicular to the imaging

plane can result in inaccuracies in deriving and subsequently placing 3-D

guidance molds. In a prefen'ed embodiment, MR! data is acquired or

1 5 processed so that the data used for generating the 3-D guidance mold or

implant has isotropic or near isotropic resolution. For example, isotropic or

near isotropic resolution may be achieved by ftjsing two non-parallel imaging

planes acquired using standard 2-D or 3-D Fourier transform images,

registering them relative to each other and perfomning an image fusion (see

20 U.S. Patent Application Ser. No. 10/728,731 , entitled "Fusion of Multiple

Imaging Planes for Isotropic Imaging in MR! and Quantitative Image

Analysis using Isotropic or Near- Isotropic Imaging," hereby incorporated

by reference in its entirety). Alternatively, using latest generation scan

technology, for example, with 3-D FSE, 3-D DESS, 3-D MENSA, 3-D PAVA,

25 3-D LAVA, 3-D MERGE, 3-D MEDIC imaging sequences, multi-channel coils,

high field magnets, advanced gradient technology, isotrcipic or near isotropic
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acquisition using 3-D Fourier transform can be obtained. Using such

advanced imaging technology, image resolution of 0.5 by 0.5 by 0.8

millinneters or greater may be obtained, achieving near isotropic and even

isotropic resolution, with preferably resolution In ail three dimensions of less

5 than 1mm.

[00194] As will be appreciated by those of sidil in the art. imaging

techniques can be combined, if desired. For example, C-ann imaging or x-ray

fluoroscopy can be used for motion imaging, while MRI can yield high

resolution cartilage infomiation. C-arm imaging can be combined with intra-

10 articular contrast to visualize the cartilage.

[001951 Any of the imaging devices described herein can also be used

intra-operalively (see, also below), tor example using a hand-held ultrasound

and/or optical probe to image the articular surlace intra-operatively. Fig. 2

illustrates a color repnadudion of a three-dimensional thickness map of the

1 5 articular surface on the distal femur. The dar1< holes within the cartilage

indicate areas of full cartilage loss.

Anatomica l and Mechanical Axes. Virtual Ligament Balancfna

[00196] Imaging can be used to determine the anatomical and

biomechanical axes of an extremity associated with a joint, which can then be

20 used in creating an implant or surgical guide template or mold. Suitable tests

include, for example, an x-ray, or an x-ray combined with an MRI. Typically,

anatomical landmarks are identified on the imaging test results (e.g., the x-ray

film) and those landmarks are then utilized to directly or indirectly determine

the desired axes. Thus, for example, if surgery is contemplated in a hip joint,

25 knee joint, or ankle joint, an x-ray can be obtained. This x-ray can be a
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weight-bearing film of the extremity, for example, a full-length leg film taken

while the patient is standing. This film can tie used to determine the femoral

and t'bial anatomical axes and to estimate the biomechanicai axes. As will be

appreciated by those of skill in the art, these processes for identifying, e.g.,

5 anatomical and biomechanicai axis of the joint can be applied to otherjoints

without departing from the scope of the invention.

[00197] Anatomical and biomechanicai axes can also be determined

using other imaging modalities, including but not limited to, computed

tomography and MRI. For example, a CT scan can be obtained through the

10 hip joint, the knee joint, and the ankle joint. Optionally, the scan can be

refonnatled in the sagittal, coronal, or other planes. The CT images can then

be utilized to identify anatomical landmarks and to determine the anatomical

and biomechanicai axes of the hip joint, knee joint, and/or ankle joint.

[00198] Simllariy, an MRI scan can be obtained for this purpose. For

15 example, an MRI scan of the thigh and pelvic region can be obtained using a

body coil or a torso phased an^y coil. A high resolution scan of the knee joint

can be obtained using a dedicated extremity coil. A scan ofthe calf/Bbia

region and the ankle joint can be obtained again using a body coil or a torso

phased an-ay coil. Anatomical landmarks can be identified in each joint on

20 these scans and the anatomical and biomechanicai axes can be estimated

using this infomnation.

[00199] In various embodiments, the imaging scan can be extended Ibr

5cm, more preferably 10 cm, or more prelerably 15 cm above and/or below

the joint thereby deriving anatomic information that can be used to derive the

25 anatomic and biomechanicai axis. For example, an MRI orCT scan can be
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obtained through a knee joint. The scan can extend 15 cm above and below

the joint. The mid-femoral line and mid-tibial line as well as other anatomic

landmarks such as the femoral transepicondyiar line or Whiteside line or

posterior condylar line can be determined and can be used to estimate the

5 anatomic and biomechanical axes. Thus, in the example of a knee joint, no

additional scanning through the hip joint and ankle joints will be needed.

[00200] With, for example, MRI, even larger coverage may be obtained,

for example with a series of axial, sagittal or coronal slices obtained with a

large field of view, e.g. 20 cm or more preferably 25 cm, or more preferably

10 30cm, or more preferably 35 cm. These large field of view scans can be

utilized to estimate the anatomic and biomechanical axes as described

above. They lack, however, infomnation on the surfece detail of the Joint due

to limitations in spatial resolution. A second or additional scan can be

performed with high resolution, e.g. with spatial resolution and x and y axis of

15 less than 1 .0 mm, or, more preferably, less than 0.8mm, or, more preferably,

less than 0.6 mm. The additional high resolution scan may be utilized to

derive the articular surface detail needed for a good and accurate fit between

the guidance template or implant, and the articular surfece or adjacent

structures.

20 [00201] A biomechanical axis and, in some instances, an anatomical

axis may advantageously be defined by imaging the entire extremity in

question. Such imaging may include cross-sectional, spiral or volumetric

imaging via a CT or MRI scan or optical imaging through the entire extremity,

or acquisition of select images or slices or volumes through an area of

25 interest such as a hip Joint, a knee joint or ankle joint.
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[00202] In an illustrative embodiment, scans through the entire or

portions of an entire extremity covering multiple joints may be replaced with

an extended scan through a single joint such as a knee joint. For example, it

may not be sufficient to estimate a biomechanical axis or an anatomical

5 access with a standard knee scan such as a CT scan or MRI scan that

includes, for example, only ten centimeter of the area or volume of interest

above, or ten centimeters of area or volume of interest below the tibiofemoral

joints space. With an extended scan, a larger area adjacent to the target joint

can be included in the scan, e.g. fifteen centimeters above and below the

10 medial tibia femoral joint space, twenty centimeters above and below the

medial tibia femoral joint space, fifteen centimeters above and twenty

centimeters below the medial tibiofemoral joint space, twenty centimeters

above and twenty-five centimeters below the medial tibiofemoral joint space.

While the extended scan is less involved on the operative side than the scan

15 involving the neighboring joints, it can, optionally be used to provide an

estimate of the anatomical axis, biomechanical axis, and/or an implant axes

or related planes. Thus, better ease of use is provided at the expense of,

possibly, more radiation and possibly, less accuracy.

[00203] In another embodiment, cross-sectional or volumetric images

20 such as CT scans or MRI scans may be acquired through more than one

joint, typically one or more joints neighboring the one contemplated for

surgery. For example, CT or MR! slices, CT spirals, CT or MRI volumes, MRI

two plane acquisitions with optional image fusion, or other tomographic

acquisitions are acquired through the hip joint, knee joint and ankle joint in a

25 patient scheduled for total knee replacement surgery. The 3D surgical

guidance templates may be optimized by using anatomic and/or
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biomechanical irrformation obtained in Ihe adjacent neighboring joints, for

example, resulting in an improved anatomic or functional result. By using

cross-sectional or volumetric imaging information, more accurate identification

of anatomic landmarks for identifying relevant anatomical and/or

5 biomechanical axis, relevant planes including surgical planes and implant

planes, as well as implant axes can be achieved when compared to x-rays or

CT scout scans, in particular when the cross-sectional or volumetric data are

acquired through neighboring joints. The accuracy of ihe position, orientation,

shape or combinations thereof, of a 3D guide template can thus be improved

1 0 with resulting improvement in accuracy of the surgical correction of underiying

defomriities such as varus, valgus, abduction, adduction, or rotation

defomnities.

[00204] An imaging test obtained during weight-bearing conditions has

some inherent advantages, in that it demonstrates normal as well as

15 pathological loading and load distribution. A cross-sectional imaging study

such as a CT scan or MRI scan has some advantages because it allows one

to visualize and demonstrate the anatomical landmarks in three, rather than

two, dimensions, thereby adding accuracy. Moreover, measurements can be

performed in other planes, such as the sagittal or oblique planes, that may not

20 be easily accessible in certain anatomical regions using conventional

radiography. In principle, any imaging test can be utilized for this purpose.

[00205] The biomechanical axis can be defined as the axis going tram

the center ofthe femoral head, between the condylar surfaces and through

the ankle joint
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[002061 The software may automatically, semi-automatically or manually

assisted find or identify the relevant anatomic points to calculate the anatomic

and biomechanical axes, in accordance with various embodiments of the

invention. For example, the software or the user can find the center of the

5 femoral head. Optionally, this can be done in 3D rather than only in 2D. Thus,

for example, in the femoral head, the software can find the center of the

femoral head relative to its x, y, and 2-dimensions. Alternatively, the relevant

anatomic points can be selected manually and the axes can be calculated.

[00207] In another embodiment the software can compute methods of

10 adjusting varus or valgus or ante- or retroversion defbmiity or rotational

defomnity based on such anatomic and biomechanical axis measurements.

For example, the surface of a surigical guide template can be adapted so that

surgical cuts performed for a total knee implant can be placed to con-ect an

underlying varus or valgus defomnity or, for example, ante- or retrovereion.

15 Alternatively, the openings/cut planes of a surgical guide template used for

drilling, cutting and the like can be adjusted to achieve a varus or valgus

correction to a near anatomic or physiologic range. These adjustments can be

optimized for the implants of different manufacturers, e.g. Johnson&Johnson,

Stryker, Smith&Nephew, Biomet and Zimmer.

20 [00208] In various embodiments, gait, loading and other physical

activities of a joint as well as static joint positions may be simulated using a

computer workstation. The template and its apertures and the resultant

surgical templates and/or procedures, e.g. cuts, drilling, rasping, may be

optimized using this information to achieve an optimal functional result. For

25 example, the template and its apertures and the resultant implant position

may be optimized for different degrees of flexion and extension, intemal or
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external rotation, abduction or adduction, and ante or retroversion. Ttius, the

templates may be used to aciiieve motion that is optimized in one, two or

more directions. Not only anatomic, but also functional optimization is

possible in this manner.

[00209] The origin and insertion of ligaments, e.g. the anterior and

posterior cruciate ligaments and the medial and lateral collateral ligaments in

the case of a knee, can be visualized on the scan. With MRI, the ligaments

are directly visible. If the ligament is torn, the location of the residual fibers at

the origin or attachment can be visualized. Different joint positions can then

be simulated and change® in ligament length can be determined lor different

angles of flexion and extension, internal or external rotation, abduction or

adduction, and ante or retroversion. These simulations can be perfomried

without but also with the implant in place. Thus, ligament length - and through

this presumed tension - can be estimated virtually with any given implant and

implant size. Different implants or component(s) can be tested preoperafvely

on the computer worl<station and the implant or component{s) yielding the

optimal ligament performance, e.g. minimal change in ligament length, for

different joint positions can be determined pre-operatively. Thus, the invention

provides among others for pre-openative ligament balandng, including but not

limited to by directly visualizing the ligaments or fiber remnants.

[0021 0] For example, in one embodiment a loading apparatus may be

applied to the patient to simulate weight-bearing while acquiring the CT scan.

A non-limiting example of such a loading apparatus has been described by

Dynamed with the Dynawell device. Any loading apparatus that can apply

axial or other physiologic or near physiologic loading forces on the hip, knee

or ankle joints or two or three ofthem may be used. Other more
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sophisticated scanning procedures can be used to derive tliis information

without departing from the scope of the invention.

[0021 1] In a preferred emt»diment, when imaging a joint ofthe lower

extremity, a standing, weight-bearing x-ray can be obtained to determine the

5 biomechanical axis. In the case of a Itnee or hip joint, for example, a

standing, weight-bearing x-ray of the hip joint or the knee joint can be

obtained. Alternatively, standing, weight-bearing x-rays can be obtained

spanning the entire leg from the hip to the fool. The x-ray can be obtained in

the antero-posterior or posterior-interior projection but also in a lateral

10 projection or principally any other projection that is desired. The user can

measure the biomechanical axis, for example, by finding the centroid of the

femoral head and the centroid of the anide joint and by connecting these.

This measurement can be perfonned manually, Ibr example, on a x-ray film or

electronically, for example, on a digitized or digital image, including with

15 soflware assistance. The axis measured on the standing, weight-bearing x-

ray can be cross referenced with another imaging modality such a CT or MR\

scan. For example, a biomechanical axis can be determined on a standing x-

ray of the leg. The result and data can be cross referenced, for example, by

identifying corresponding bony anatomical landmarks to a CT scan or MR!

20 scan. The result and infomnatlon can then be utilized to determine the optimal

shape of a 3-D guidance template. Specifically, the orientation, position, or

shape of the template can be influenced based on the measurement of the

biomechanical axis. Moreover, the position or shape of any blocks attached

to said templates or linkages or the position or shape instruments attached to

25 the mold, block or linkages can be influenced by this measurement.

Combining the standing, weight-bearing imaging modality with CT scanning
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or MRI scanning has the principle advantage that the joint is evaluated during

physiological loading. CT or MRI alone, typically do not afford assessment in

loaded, weight-bearing condition.

[0021 2] As described above, the biomechanical axis can be evaluated in

5 different planes or in three dimensions. For example, the actual

biomechanical axis can be assessed in the AP plane and a desired

biomechanical axis can be detennined in this plane. In addition, the actual

biomechanical axis can be determined in tiie lateral plane, for example, in the

lateral projection radiograph, and the desired biomechanical axis can be

10 determined in the lateral plane. By measuring the relevant biomechanical

and anatomical axis in two or more planes, tiie shape of a 3-D guidance

template and/or implant can be further refined and optimized with result in

improvements in clinical and patient function.

[0021 3] The biomechanical or anatomical axis may also be measured

15 using other approaches including a non-weight bearing position. For

example, anatomical landmarits can be identified on a CT scout scan and

cross referenced to a joint such as a knee joint or a hip joint for which surgery

is contemplated. Thus, for example, the user can measure and detemnine the

oentroid of tiie ankle joint and the centroid of tiie hip joint for knee surgery

20 using the CT scout scan.

[0021 4] In a prefen-ed embodiment, the anatomical landmarics are

detemnined using CT slices or MRI slices rather than a scout scan. A CT
scout scan or MRI scout scan can have inherent limitations in spatial

resolution. A CT scout scan is typically a single, 2-D radiographic image of

25 the extremity lacking 3-D anatomical information and lacking high spatial
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resolution. An MRI scout scan is typically composed of multiple 2-D MRI

slices, possibly acquired in one, two, or three planes. However, the resolution

of the MRI scout scan is typically also limited. By acquiring selective slices

and even isotropic or near isotropic data sets through neighboring joints,

5 anatomical landmarks can be identified in a more reliable manner thereby

improving the accuracy of anatomical and biomechanica! axis determination.

This improvement in accuracy translates into an improvement in accuracy in

the resultant 3-D guidance mold, for example, a knee or hip joint, including

improved accuracy of its shape, orientation, or position.

10 [0021 5] Computed Tomography imaging has been shown to be highly

accurate Ibr the detemnination of the relative anatomical and biomechanical

axes of the leg (Testi Debora, Zannoni Cinzia, Cappello Angeio and

Viceconti Marco. "Border tracing algorithm implementation for the femoral

geometry reconstaiction." Comp. Meth. and Progrstms in Biomed., Feb. 14,

15 2000; Farrar MJ, Newman RJ, Mawhinney RR, King R. "Computed

tomography scan scout film for measurement of femoral axis in l<nee

arthroplasty." J. Arthroplasty. 1999 Dec; 14(8): 1030-1 ; Kim JS, Park TS, Park

SB, Kim JS, Kim lY, Kim SI. "Measurement of femoral neck anteversion in

3D. Part 1: 3D imaging method." Med. and Biol. Eng. and Computing. 38(6):

20 603-609, Nov. 2000;; Akagi M, Yamashita E, Nakagawa T, Asano T,

Nakamura T. "Relationship between frontal knee alignment and reference

axis in the distal femur." Clin. Ortho. and Related Res..No. 388, 147-156,

2001 ; Mahaisavariya B, Sitthiseripratip K, Tongdee T, Bohez E, Sloten JV,

Oris P. "Morphological study of the proximal femur: a new method of

25 geometrical assessment using 3 dimensional reverse engineering." Med. Eng.

and Phys. 24 (2002) 617-622; Lam Li On. Shakespeare D. "Vams/Valgus
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alignment of the femonal component in total knee arthroplasty." The Knee, 10

(2003)237-241).

[0021 6] The angles of the anatomical structures of the proximal and

distal femur also show a certain variability level (i.e. standard deviation)

comparable with the varus or valgus angle or the angle between the

anatomical femoral axis and the biomechanical axis (Mahaisavariya B,

Sitlhiseripratip K, Tongdee T, Bohez E, Sloten JV, Oris P. "Morphological

study of the proximal femur a new method of geometrical assessment using

3 dimensional reverse engineering." Med. Eng. and Phys. 24 (2002) 617-

622).. Thus, a preferred approach for assessing the axes is based on CT
scans of the hip, knee and ankle joint or femur rather than only of the knee

region.

[00217] CT has been shown to be efficient In terms ofthe contrast of the

bone tissue with respect to surrounding anatomical tissue so the bone

stmctures con-esponding to the femur and tibia can be extracted very

accurately with semi automated computerized systems (Mahaisavariya B,

Sitlhiseripratip K, Tongdee T, Bohez E. Sloten JV, Oris P. "Morphological

study of the proximal femun a new method of geometrical assessment using

3 dimensional reverse engineering." Med. Eng. and Phys. 24 (2002) 617-

622; Test! Debora, Zannoni Qnzia, Cappello Angeloand VIceconti Marco.

"Border tracing algorithm implementation for the femoral geometry

reconstruction." Comp. Meth. and Programs in Biomed., Feb. 14, 2000).

[0021 8] While 2-D CT has been shown to be accurate in the estimation

of the biomechanical axis (Mahaisavariya B, Sitlhiseripratip K, Tongdee T,

Bohez E, Sloten JV, Oris P. "Morphological study of the proximal femur: a
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new method of geometrical assessment using 3 dimensional reverse

engineering." Med. Eng. and Phys. 24 (2002) 617-622; Test! Debora, supra.;

Lam LI On, Supra, 3-D CT has been shown to be more accurate for the

estimation of the femoral anteversion angle (Kim JS, Park TS, Pari< SB, Kim

5 JS, Kim iY, Kim SL Measurement of femoral neck anteversion in 3D. Part 1

:

3D imaging method. Medical and Biological engineering and computing.

38(6): 603-609, Nov. 2000; Kim JS, Park TS, Park SB, Kim JS, Kim lY, Kim

SI. Measurement of femoral neck anteversion in 3D. Part 1: 3D modeling

method. Medical and Biological engineering and computing. 38(6): 610-616,

10 Nov. 2000). Farrar used simple CT 2-D scout views to estimate the femoral

axis (Fan-ar MJ, Newman RJ, Mawhinney RR, King R. Computed tomography

scan scout film for measurement of femoral axis in knee arthroplasty. J.

Arthroplasty. 1999 Dec; 14(8): 1030-1).

[0021 9] In one embodiment, 2-D sagittal and coronal reconstmctions of

15 CT slice Images are used to manually estimate the biomechanical axis. One

skilled in the art can eaaly recognize many different ways to automate this

process. For example, a CT scan covering at least the hip, knee and ankle

region is acquired. This results in image slices (axial) which can be

interpolated to generate the sagittal and coronal views.

20 [00220] Preprocessing (filtering) of the slice images can be used to

improve the contrast of the bone regions so that they can be extracted

accurately using simple thresholding or a more involved Image segmentation

tool like LiveWIre or active contour models.

[00221] Identification of landmarks of Interest like the centroid of the

25 tibial shaft, the ankle joint, the Intercondylar notch and the centroid ofthe
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femoral head can be performed. The biomechanical axis can be defined as

the line connecting the pnaximal and the distal centroids, i.e. the femoral head

centroid, the tibial or ankle joint centroid. The position of the intercondylar

notch can be used for evaluation of possible deviations, errors or

5 delbmnations including varus and valgus defbnnity.

[00222] In one embodiment, multiple imaging tests can be combined.

For example, the anatomical and biomechanical axes can be estimated using

a weight-bearing x-ray of the extremity or portions of the extremity. The

anatomical information derived in this fashion can then be combined with a

10 CT or MR! scan of one or more joints, such as a hip, knee, or ankle joint.

Landmari<s seen on radiography can then, for example, be cross-referenced

on the CT or MRI scan. Axis measurements pertbrmed on radiography can

be subsequently applied to the CT or MRI scans or other imaging modalities.

Similarly, the infomiation obtained from a CT scan can be compared with that

15 obtained with an MRI or ultrasound scan. In one embodiment, image fusion

of different imaging modalities can be performed. For example, if surgery Is

contemplated in a knee joint, a full-length weight-bearing x-ray of the lower

extremity can be obtained. This can be supplemented by a spiral CT scan,

optionally with intra-articular contrast of the knee joint providing high

20 resolution three-dimensional anatomical characterization of the knee anatomy

even including the menisci and cartilage. This infomation, along with the axis

information provided by the radiograph can be utilized to select or derive

therapies, such as implants or surgical instmments.

[00223] In certain embodiments, it may be desirable to characterize the

25 shape and dimension of intra-articular structures, including subchondral bone

or the cartilage. This may tie done, for example, by using a CT scan,
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preferably a spiral CT scan of one or more joints. The spiral CT scan can

optionally be performed using intra-articular contrast. Alternatively, an MRl

scan can be performed. IfCT is utilized, a liill spiral scan, or a few selected

slices, can be obtained through neighboring joints. Typically, a full spiral scan

5 providing full three-dimensional characterization would be obtained in the joint

for which therapy is contemplated. If implants, or templates, for surgical

instruments are selected or shaped, using this scan, the subchondral bone

shape can be accurately determined from the resultant image data. A
standard cartilage thickness and, similarly, a standard cartilage loss can be

10 assumed in certain regions of the articular surface. For example, a standard

thickness of 2 mm of the articular cartilage can be applied to the subchondral

bone in the anterior third of the medial and lateral femoral condyles.

Similarly, a standard thickness of 2 mm of the articular cartilage can be

applied to the subchondral bone in the posterior third of the medial and lateral

15 femoral condyles. A standard thickness of 0 mm of the articular cartilage can

be applied in the central weight-bearing 2Dne of the medial condyle, and a

different value can be applied to the lateral condyle. The transition between

these zones can be gradual, for example, from 2 mm to 0 mm. These

standard values of estimated cartilage thickness and cartilage loss in different

20 regions of the joint can optionally be derived Irom a reference database. The

reference database can include categories such as age, body mass index

("BMI"), severity of disease, pain, severity of varus deformity, severity of

valgus defomnity, Kellgren-Lawrence score, along with other parameters that

are detemnined to be relative and useful. Use of a standard thickness for the

25 articular cartilage can facilitate the imaging protocols required for pre-

operative planning.
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[00224] Altemaftively, however, the articular cartilage can be fully

characterized by performing a spiral CT scan of the joint in the presence of

inlra-articular contrast or by peri^orming an MRI scan using cartilage sensitive

pulse sequences.

5 [00225] The techniques described herein can be used to obtain an

image of a joint that is stationary, either weight bearing or not, or in motion or

combinations tiiereof. Imaging studies that are obtained during joint motion

can be useful for assessing the load bearing suriiace. This can be

advantageous for designing or selecting implants, e.g. for selecting

10 reinforcements in high load areas, for surgical tools and for implant

placement, e.g. for optimizing implant alignment relative to high load areas,

ill. Joint Space

[00226] In accordance with another embodiment of the invention, a

method and system for determining joint space width is provided, in

15 accordance with an embodiment of the invention. Without limitation, a CT

scan, MRI scan, optical scan, and/or ultrasound imaging is performed. The

medial and lateral joint space width in a knee joint, the joint space in a hip

joint, ankle joint or other joint is evaluated. This evaluation may be performed

in two dimensions, using a single scan plane orientation, such as sagittal or

20 coronal plane, or it may be perfomned In three dimensions. The evaluation of

joint space width may include measuring tiie distance from the subchondral

bone plate of one articular suriiace to the subchondral bone plate of the

opposing articular surface. Alternatively, the cartilage thickness may be

measured directly on one or more articular surfaces. Joint space width or

25 cartilage thickness may be measured for different regions of tiie Joint and joint
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space width and cartilage loss can be evaluated in anterior, posterior, medial,

lateral, superior and/or inferior positions. The measurements may be

performed for different positions ofthe joint such as a neutral position, 45

degrees of flexion, 90 degrees of flexion, 5 degrees of abduction, 5 degrees

5 of internal rotation and so forth. For example, in a knee joint, the joint space

width may be evaluated in extension and at 25 degrees of knee flexion and

90 degrees of knee flexion. The medial and lateral joint space width may be

compared and differences in medial and lateral joint space width can be

utilized to optimize the desired postoperative connection in anatomical or

10 biomechanical axis alignment based on this information. The shape,

orientation, or position of a 3D guided template may be adjusted using this

information, for example, in knee or hip implant placement or other surgeries.

[00227] For example, the measurement may show reduced joint space

width or cartilage thickness in the medial compartment when compared to a

15 nomial anatomic reference standard, e.g. from age or sex or gender matched

controls, and/or lateral compartment This can coincide with valgus alignment

of the knee joint, measured, for example, on the scout scan of an CT-scan or

the localizer scan of an MRI scan including multiple localizer scans through

the hip, knee and ankle joints.

20 [00228] If the biomechanical axis estimated on the comparison of the

medial and lateral joint space width coincides with the biomechanical axis of

the extremity measured on the scout scan, no further adjustment may be

necessary. If the biomechanical axis estimated on the comparison of the

medial and lateral joint space width does not coincide with the biomechanical

25 axis of the extremity measured on the CT or MRI scout scan, additional
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correction of the valgus deformity (or in other embodiments, varus or other

defomiities) can be achieved.

[00229] This additional con-ection may be determined, for example, by

adding the difference in axis correction desired based on biomechanical axis

5 measured by comparison of the medial lateral joint space width and axis

correction desired based on measurement ofthe biomechanical axis of the

extremity measured on the scout or localizer scan to axis correction desired

based on measurement of the biomechanical axis of the extremity measured

on the scout or localizer scan alone. By combining the information from both,

10 measurement ofjoint space width of the median and lateral compartment and

measurement ofthe biomechanical axis using the scout scan or localizer

scan or, for example, a weight bearing x-ray, an improved assessment of axis

alignment during load bearing conditions can be obtained with resultant

improvements in the shape, orientation or position of the 3D guidance

15 template and related attachments or linkages.

[00230] Optionally, the extremity can be loaded while in the scanner, for

example, using a compression harness. Examples for compression

harnesses have been published, for example, by Dynawell.

iv. Estimation of Cartilage Loss

20 [00231] In another embodiment, an imaging modality such as spiral CT,

spiral CT arthography, MRI, optical imaging, optical coherence tomography,

ultrasound and others may be used to estimate cartilage loss in one, two or

three dimensions. The information can be used to detemnine a desired

correction of a measured biomechanical or anatomical axis. The correction

25 can be in the anterior-posterior, medio-lateral, and/or super-inferior direction.
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or any other direction applicable or desirable, or combinations thereof. The

information can be combined with other data e.g., from a standing, weight

bearing x-ray or CT soout scan, or an MR! localizer scan or a CT scan or MRI

scan that includes axial/spiral or other images through the hip, knee and

ankle joints. The information can be used to refine the axis con-ection desired

based on, for example, standing x-rays, non-weight bearing x-rays, CT scout

scans, MR! localizer scans and the like.

[00232] In another embodiment, any axis correction can be perfontied in

a single plane (e.g., the medial-lateral plane), in two planes (e.g., the medial

lateral and anterior-posterior planes), or multiple planes, including oblique

planes that are biomechanically or anatomically relevant or desirable.

V. High Resolution Imaging

[00233] Additional improvements in accuracy of the 3D guide template

and/or implants surfaces may be obtained with use of imaging technology that

yields high spatial resolution, not only within the imaging plane, but along all

three planes, specifically the X, Y and Z axis. With CT scanning, this can be

achieved with the advent of spiral CT Scanning techniques. With MRI, dual

or more plane scanning or volumetric acquisition can be performed. If dual or

more plane MRI scanning is peribrmed, these multiple scan planes can be

fused, for example by cross-registrafon and resampling along the X, Y and Z
axis. The resultant effective resolution in X, Y and Z direction is greatly

improved as compared to standard CT scanning or standard MRI scanning.

Improvements in resolution have the advantage that the resultant 3D guide

templates can be substantially more accurate, tor example with regard to their

position, shape or orientation.

83



wo 2007/092841 PCT/US2007/061681

vi. Phantom Scans

[00234] Imaging modalilies are subject to scan to scan variations, for

example, including spatial distortion. In one embodiment, pliantom scans

may be perfomned in order to optimize tlie scan quality, specifically spatial

5 resolution and spatial distortion. A pliantom scan can be performed prior to a

patient scan, simultaneously with a patient scan or after a patient scan. Using

the phantom scan data, it is possible to make adjustments and optimizations

of the scanner and, moreover, to peribmi image post processing to perfonn

corrections, for example, connection of geometric distortions. Thus, if a

10 phantom scan detects certain geometric distortion in the X, Y or Z axis and

the amount of distortion is measured on the phantom scan, a correction factor

can be included in the data prior to generating a 3D guide template. The

resulting 3D guide template is thus more accurate with resulting improvement

in intra-operative cross-reference to the anatomic surface and resultant

15 improved accuracy in any surgical intervention such as drilling or cutting.

[002351 In another embodiment, a smoothing operation, e.g. using low

frequency filtering, can be perfonned in order to remove any image related

artifacts, such as stepping artifacts between adjacent CT or MR! slices. In

some applications, the smoothing operation can be helpful in improving the fit

20 between the joint and the template.

B. Intraoperative Measurements

[00236] Altematively, or in addition to, non-invasive imaging techniques

described above, measurements of the size of an area of diseased cartilage

or an area of cartilage loss, measurements of cartilage thickness and/or

25 curvature of cartilage or bone can be obtained intraoperatively during
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arthroscopy or open arthrotomy. Intraoperative measurements can, but need

not, involve actual contact with one or more areas of the articular surfaces.

[00237] Devices suitable for obtaining intraoperative measurements of

cartilage or bone or other articular structures, and to generate a topographical

5 map of the surface include but are not limited to, Placido disks, optical

measurements tools and device, optical imaging tools and devices, and laser

interferometers, and/or defomiable materials or devices. (See, for example,

U.S. Patent Numbers 6,382,028 to Wooh et al., issued IVlay 7, 2002;

6,057,927 to Levesque et al., issued May 2, 2000; 5,523,843 to Yamane et al.

10 issued June 4, 1996; 5,847,804 to Sarver et al. issued December 8, 1 998;

and 5,684,562 to Fujieda, issued November 4, 1997).

[00238] Fig. 3a illustrates a Placido disk of concentrically arranged

circles of light. The concentric an-ays ofthe Placido disk project well-defined

circles of light of varying radii, generated either with laser or white light

15 transported via optical fiber. The Placido disk can be attached to the end of

an endoscopic device (or to any probe, for example a hand-held probe) so

that the circles of light are projected onto the cartilage surface. Fig. 3b

illustrates an example of a Placido disk projected onto the surface of a fixed

curvature. One or more Imaging cameras can be used (e.g., attached to the

20 device) to capture the reflection ofthe circles. Mathematical analysis is used

to determine the surface cun^ature. The curvature can then, for example, be

visualized on a monitor as a color-coded, topographical map of the cartilage

surface. Additionally, a mathematical model of the topographical map can be

used to determine the ideal surface topography to replace any cartilage

25 defects in the area analyzed.
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[00239] Fie. 4 shows a reflection resulting from tlie projeclion of

concentric circles of light (Placido disk) on each femoral condyle,

demonstrating the effect of variation in surface contour on reflected circles.

[00240] Similarly an optical imaging device or measurement tool, e.g. a

5 laser interferometer, can also be attached to the end of an endoscopic device.

Optionally, a small sensor can be attached to the device in order to determine

the cartilage surface or bone curvature using phase shift interferometry,

producing a fringe pattern analysis phase map (wave front) visualization of

the cartilage surface. The curvature can then be visualized on a monitor as a

10 color coded, topographical map of the cartilage surface. Additionally, a

mathematical model of the topographical map can be used to detemine the

Ideal surface topography to replace any cartilage or bone defects in the area

analyzed. This computed, ideal surface, or surfaces, can then be visualized

on the monitor, and can be used to select the curvature, or curvatures, of the

15 replacement cartilage or mold.

[00241] Optical imaging techniques can be utilized to generate a 3D
visualization or surface map of the cartilage or bone, which can be used to

generate an articular repair system or a mold.

[00242] One ski lied in the art will readily recognize that other techniques

20 for optical measurements of the cartilage surface curvature can be employed

without departing fiiom the scope of the invention. For example, a 2-

dimentlonal or 3-dimensional map, such as fliat shown in Fig. 5 and Fig. 6,

can be generated.

[00243] Mechanical devices {e.g., probes) can also be used for

25 int^operative measurements, for example, deformable materials such as
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gels, molds, any hardening materials {e.g., materials that remain defonnable

until they are heated, cooled, or otherwise manipulated). See, e.g.,

WO 02/34310 to Dickson etal., published May 2, 2002. For example, a

defonnable gel can be applied to a femoral condyle. The side of the gel

pointing towards the condyle can yield a negative impression of the surface

contour of the condyle. The negative impression can then be used to

detennine the size of a defect, the depth of a defect and the curvature of the

articular surface in and adjacent to a defect. This information can be used to

select a therapy, e.g. an articular surtace repair system or a mold. It can also

be used to make a mold, either directly with use of the impression or, for

example, indirectly via scanning the impression. In another example, a

hardening material can be applied to an articular surface, e.g. a femoral

condyle or a tibial plateau. The hardening materia! can remain on the

articular surface until hardening has occun-ed. The hardening material can

then be removed from the articular surface. The side of the hardening

material pointing towards the articular surface can yield a negative impression

of the articular surface. The negative impression can then be used to

determine the size of a defect, the depth of a defect and the curvature of the

articular surface in and adjacent to a defect. This infonnation can then be

used to select a therapy, e.g. an articular surface repair system system or a

mold. It can also be used to make a mold, either directly with use of the

impression or, for example, indirectly via scanning the impression. In some

embodiments, the hardening system can remain in place and form the actual

articular surface repair system.

[00244] In certain embodiments, the deformable material comprises a

plurality of individually moveable mechanical elements. When pressed
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against the surfece of interest, each element can be pushed in the opposing

direction and the extent to which it is pushed (defomned) can correspond to

the curvature of the surface of interest. The device can Include a brake

mechanism so that the elements are maintained In the position that conforms

5 to the surface of the cartilage and/or bone. The device can then be removed

from the patient and analyzed for curvature. Alternatively, each individual

moveable element can include markers indicating the amount and/or degree it

is deformed at a given spot. A camera can be used to intra-operatively Image

the device and the image can be saved and analyzed for curvature

10 information. Suitable markers include, but are not limited to, actual linear

measurements (metric or empirical), different colors corresponding to different

amounts of deformation and/or different shades or hues of the same color{s).

Displacement of the moveable elements can also be measured using

electronic means.

15 [00245] Other devices to measure cartilage and subchondral bone

intraoperatively include, for example, ultrasound probes. An ultrasound probe,

preferably handheld, can be applied to the cartilage and the curvature of the

cartilage and/or the subchondral bone can be measured. Moreover, the size

of a cartilage defect can be assessed and the thickness of the articular

20 cartilage can be determined. Such ultrasound measurements can be obtained

in A-mode, B-mode, or C-mode. If A-mode measurements are obtained, an

operator can typically repeat the measurements with several different probe

orientations, e.g. mediolateral and anteroposterior, in order to derive a three-

dimensional assessment of size, curvature and thickness.

25 [00246] One skilled in the art will easily recognize that different probe

designs are possible using the optical, laser interferometry, mechanical and
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ullrasound probes. The probes are preferably handheld. In certain

embodiments, the probes or at least a portion of the probe, typically the

portion that Is in contact with the tissue, can be sterile. Sterility can be

achieved with use of sterile covers, for example similar to those disclosed in

5 WO 99/0a598A1 to Lang, published February 25, 1 999.

[00247] Analysis on the curvature of the articular cartilage or

subchondral bone using imaging tests and/or intraoperative measurements

can be used to detemnine the size of an area of diseased cartilage or cartilage

loss. For example, the curvature can change abruptly in areas of cartilage

10 loss. Such abrupt or sudden changes in curvature can be used to detect the

boundaries of diseased cartilage or cartilage defects.

[00248] As described above, measurements can be made while the joint

is stationary, either weight bearing or not, or in motion.

II. Repair Materials

1 5 [00249] A wide variety of materials find use in the practice of the present

invention, including, but not limited to, plastics, metals, crystal free metals,

ceramics, biological materials (e.g., collagen or other extracellular matrix

materials), hydroxyapatite, cells (e.g., stem cells, chondrocyte cells or the

like), or combinations thereof. Based on the information {e.g.,

20 measurements) obtained regarding the defect and the articular surface and/or

the subchondral bone, a repair material can be formed or selected. Further,

using one or more of these techniques described herein, a cartilage

replacement or regenerating materia! having a curvature that will fit into a

particular cartilage defect, will follow the contour and shape ofthe articular

25 suriiace, and will match the thickness of the surrounding cartilage. The repair
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material can include any combination of materials, and typically include at

least one non-pliable material, for ejcample materials that are not easily bent

or changed.

A. Metal and Polymeric Repair Materials

5 [00250] Cun-ently, joint repair systems often employ metal and/or

polymeric materials including, for example, prostheses which are anchored

into the underiying bone {e.g., a femur in the case of a knee prosthesis). See,

e.g., U.S. Patent No. 6,203,576 to Afriat, et al. issued March 20, 2001 and

6,322,588 to Ogle, et al. issued November 27, 2001 , and relerences cited

10 therein. A wide-variety of metals are useful in the practice of the present

invention, and can be selected based on any criteria. For example, material

selection can be based on resiliency to impart a desired degree of rigidity.

Non-limiting examples of suitable metals include silver, gold, platinum,

palladium, iridium, copper, tin, lead, antimony, bismuth, zinc, titanium, cobalt,

15 stainless steel, nicltel, iron alloys, cobalt alloys, such as Bgiloy®, a cobalt-

chromium-nickel alloy, and MP35N, a nickel-cobalt-chromium-molybdenum

alloy, and Nitinol™, a nickel-litanium alloy, aluminum, manganese, iron,

tantalum, crystal tree metals, such as Liquidmetal® alloys (available from

LiquidMetal Technologies. www.liauidmetal comV other metals that can

20 slowly form polyvalent metal ions, for example to inhibit calcification of

Implanted substrates in contact with a patient's bodily fluids or tissues, and

combinations thereof.

[00251] Suitable synthetic polymers include, without limitation,

polyamides (e.g., nylon), polyesters, polystyrenes, polyacrylates, vinyl

25 polymers (e.g., polyethylene, polytetrafluoroethylene, polypropylene and
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polyvinyl chloride), polycarbonates, polyurelhanes, poly dimethyl siioxanes,

cellulose acetates, polymethyl methacrylates, polyether ether ketones,

ethylene vinyl acetates, polysulfones, nitrocelluloses, similar copolymers and

mi>clures thereof. Bioresorbable synthetic polymers can also be used such as

5 dextran, hydroxyethyl starch, derivatives of gelatin, polyvinylpyn-olldone,

polyvinyl alcohol, poly[N-(2-hydroxypropyl) methacrylamide], poly(hydroxy

acids), poly(epsilon-caprolad:one), polylactic acid, poiyglycolic acid,

poly(dimethyl glycolic acid), poly(hydroxy butyrate), and similar copolymers

can also be used.

10 [002521 Other materials would also be appropriate, for example, the

polyketone known as polyetheretherketone (PEEK™). This includes the

material PEEK 450G, which is an unfilled PEEK approved for medical

implantation available ft-om Victrex of Lancashire, Great Britain. (VIctrex is

located at www.matweb.com or see Boedeker www.boedekercomV Other

15 sources of this material include Gharda located in Panoli, India

[00253] It should be noted that the material selected can also be filled.

For example, other grades of PEEK are also available and contemplated,

such as 30% glass-filled or30% carbon filled, provided such materials are

20 cleared for use in implantable devices by the FDA, or other regulatory body.

Glass filled PEEK reduces the expansion rate and increases the flexural

modulus of PEEK relative to that portion which is unfilled. The resulting

product is known to be ideal for improved strength, stiffness, or stability.

Carbon filled PEEK is known to enhance the compressive strength and

25 stiffness of PEEK and lower its expansion rate. Carbon filled PEEK offers

wear resistance and load carrying capability.

91



wo 2007/092841 PCT/US2007/061681

[00254] As will be appreciated, other suitable similarly biocompatible

thermoplastic or thermoplastic polycondensate materials that resist fatigue,

have good memory, are flexible, and/or deflectable have very low moisture

absorption, and good wear and/or abrasion resistance, can be used without

departing from the scope of the invention. The implant can also be comprised

of polyetherketoneketone (PEKK).

[002551 Other materials that can be used include polyetiierketone

(PEK), polyetherketoneetherketoneketone (PEKEKK), and

polyettieretherkeloneketone (PEEKK), and generally a

polyaryletheretherketone. Further other polyketones can be used as well as

other themrioplastlcs.

[00256] Reference to appropriate polymers that can be used for the

implant can be made to the following documents, all of which are incorporated

herein by reference. These documents include: PCT PublicationWO
02/02158 A1, dated Jan. 10, 2002 and entitled Blo-Compatible Polymeric

Materials; PCT PublicationWO 02/00275 A1 , dated Jan. 3, 2002 and entitled

Bio-Compatible Polymeric Materials; and PCT PublicationWO 02/00270 A1

,

dated Jan. 3, 2002 and entitled Bio-Compatible Polymeric Materials.

[00257] The polymers can be prepared by any of a variety of

approaches including conventional polymer processing metiiods. Preferred

approaches include, for example, injection molding, which is suitable for the

production of polymer components with significant stiudural features, and

rapid prototyping approaches, such as reaction injection molding and stereo-

lithography. The substrate can be textured or made porous by eitiier physical

abrasion or chemical alteration to facilitate Incorporation of the metal coating.
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Other processes are also appropriate, such as extrusion, injection,

compression molding and/or machining techniques. Typically, the polymer is

chosen for its physical and mechanical properties and is suitable for canying

and spreading the physical load isetween the joint surfaces.

5 [00258] More than one metal and/or polymer can be used in

combination with each other. For example, one or more metal-containing

substrates can be coated with polymers in one or more regions or,

alternatively, one or more polymer-containing substrate can be coated in one

or more regions with one or more metals.

10 [00259] The system or prosthesis can be porous or porous coated. The

porous surface components can be made of various materials including

metals, ceramics, and polymers. These surface components can, in turn, be

secured by various means to a multitude of structural cores formed of various

metals. Suitable porous coatings include, but are not limited to, metal,

15 ceramic, polymeric {e.g., biologically neutral elastomers such as silicone

rubber, polyethylene terephfhalate and/or combinations thereol) or

combinations thereof. See. e.g., U.S. Pat. No. 3,605,123 to Hahn, issued

September 20, 1 971 . U.S. Pat. No. 3,808,606 to Tronzo issued May 7, 1 974

and U.S. Pat. No. 3,843,975 to Tronzo issued October 29, 1974; U.S. Pat.

20 No. 3,314,420 to Smith issued April 18, 1967; U.S. Pat. No. 3,987,499 to

Scharbach issued October 26, 1976; and Gemian Offenlegungsschrift

2,306,552. There can be more than one coating layer and the layers can

have the same or different porosities. See, e.g., U.S. Pat. No. 3,938,198 to

Kahn, et al., issued February 17, 1976.
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[00260] The coating can be applied by surrounding a core with

powdered polymer and healing until cured to form a coating with an internal

network of interconnected pores. The tortuosity of the pores (e.g., a measure

of length to diameter of the paths through the pores) can be important in

5 evaluating the probable success of such a coating in use on a prosthetic

device. See, also, U.S. Pat. No. 4,213,816 to Morris issued July 22, 1980.

The porous coating can be applied in the form of a powder and the article as

a whole subjected to an elevated temperature that bonds the powder to the

substrate. Selection of suitable polymers and/or powder coatings can be

1 0 detemnined in view ofthe teachings and references cited herein, for example

based on the melt index of each.

B. Bioijogical Repair Material

[00261] Repair materials can also include one or more biological

material either alone or in combination with non-biological materials. For

15 example, any base material can be designed or shaped and suitable cartilage

replacement or regenerating material(s) such as fetal cartilage cells can be

applied to be the base. The cells can be then be grown in conjunction with

the base until the thickness (and/or curvature) of the cartilage sun-ounding the

cartilage defect has been reached. Conditions for growing cells (e.g.,

20 chondrocytes) on various substrates in culture, ex vivo and in vivo are

described, for example, in U.S. Patent Nos. 5,478,739 to Slivka et al. issued

December 26, 1995; 5,842,477 to Naughton et al. issued December 1, 1998;

6,283,980 to Vibe-Hansen et al., issued September 4, 2001 , and 6,365,405 to

Saizmann et al. issued April 2, 2002. Non-limiting examples of suitable

25 substrates include plastic, tissue scaffold, a bone replacement material (e.g.,
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a hydroxyapatite, a bioresorbable material), or any other material suitable for

growing a cartilage replacement or regenerating material on it.

[00262] Biological polymers can be naturally occumng or produced in

vitro by fennentation and the like. Suitable biological polymere include,

without llmitafon, collagen, elaslln, silk, keratin, gelatin, polyamino acids, cat

gut sutures, polysaccharides (e.g., cellulose and starch) and mixtures thereof.

Biological polymers can be bioresorbable.

[00263] Biological materials used in the methods described herein can

be autografts (from the same subject); allografts (from another individual of

the same species) and/or xenografts (Irom another species). See, also,

International Patent PublicationsWO 02/22014 to Alexander et al. published

March 21 , 2002 and WO 97/27885 to Lee published August 7, 1997. In

certain embodiments autologous materials are preferred, as they can carry a

reduced risk of immunological complications to the host, including re-

absorption of the materials, inflammation and/or scamng of the tissues

surrounding the implant site.

[00264] In one embodiment of the invention, a probe is used to harvest

tissue from a donor site and to prepare a recipient site. The donor site can be

located in a xenograft, an allograft or an autograft. The probe is used to

achieve a good anatomic match between the donor tissue sample and the

recipient site. The probe is specifically designed to achieve a seamless or

near seamless match between the donor tissue sample and the recipient site.

The probe can, for example, be cylindrical. The distal end of the probe is

typically sharp in order to fadlitate tissue penetration. Additionally, the distal

end of the probe is typically hollow In order to accept the tissue. The probe
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can have an edge at a defined distance from its distal end, e.g. at 1 cm

distance from the distal end and the edge can he used to achieve a defined

depth of tissue penetration for liarvesting. The edge can be external or can be

inside the hollow portion of the probe. For example, an orthopedic surgeon

5 can take the probe and advance it with physical pressure i nto the cartilage,

the subchondral bone and the underlying marrow in the case of a joint such

as a knee joint. The surgeon can advance the probe until the external or

internal edge reaches the cartilage surface. At that point, the edge will

prevent further tissue penetration thereby achieving a constant and

10 reproducible tissue penetration. The distal end of the probe can include one

or more blades, saw-lil<e structures, or tissue cutting mechanism. For

example, the distal end of the probe can include an iris-like mechanism

consisting of several small blades. The blade or blades can be moved using a

manual, motorized or electrical mechanism thereby cutting through the tissue

15 and separating the tissue sample from the underlying tissue. Typically, this

will be repeated in the donor and the recipient In the case of an iris-shaped

blade mechanism, the individual blades can be moved so as to dose the iris

thereby separating the tissue sample from the donor site.

[00265] In another embodiment of the invention, a laser device or a

20 radiofrequency device can be integrated inside the distal end of the probe.

The laser device or the radiofrequency device can be used to cut through the

tissue and to separate the tissue sample from the underlying tissue.

[00266] In one embodiment of the invention, the same probe can be

used in the donor and in the recipient In another embodiment, similarly

25 shaped probes of slightly different physical dimensions can be used. For

example, the probe used in the recipient can be slightly smaller than that
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used in the donor thereby achieving a tight fit between the tissue sample or

tissue transplant and the recipient site. The probe used in the recipient can

also be slightly shorter than that used in the donor thereby condoling for any

tissue lost during the separation or cutting of the tissue sample from the

5 underlying tissue in the donor material.

[00267] Any biological repair material can be sterilized to inactivate

biological contaminants such as bacteria, viruses, yeasts, molds,

mycoplasmas and parasites. Sterilization can be performed using any

suitable technique, for example radiation, such as gamma radiation.

10 [00268] Any of the biological materials described herein can be

han^ested with use of a robotic device. The robotic device can use information

from an electronic image for tissue harvesting.

[00269] In certain embodiments, the cartilage replacement material has

a particular biochemical composition. For instance, the biochemical

15 composition of the cartilage surrounding a defect can be assessed by taking

tissue samples and chemical analysis or by imaging techniques. For

example, WO 02/22014 to Alexander describes the use of gadolinium for

imaging of articular cartilage to monitor glycosaminoglycan content within the

cartilage. The cartilage replacement or regenerating material can then be

20 made or cultured in a manner, to achieve a biochemical composition similar to

that of the cartilage sunounding the implantation site. The culture conditions

used to achieve the desired biochemical compositions can include, for

example, varying concentrations. Biochemical composition of the cartilage

replacement or regenerating material can, for example, be influenced by
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controlling concentrations and exposure times of certain nutrients and growth

factors.

III. Devices Dkign

A. Cartilage Models

[00270] Using information on thickness and cun^ature of the cartilage, a

physical model of the surfaces of the articular cartilage and of the underlying

bone can be created. This physical model can be representative of a limited

area within the joint or it can encompass the entire joint For example, in the

knee joint, the physical model can encompass only the medial or lateral

femoral condyle, both femoral condyles and the notch region, the medial tibial

plateau, the lateral tibial plateau, the entire tibial plateau, the medial patella,

the lateral patella, the entire patella or the entire joint. The location of a

diseased area of cartilage can be determined, for example using a 3D

coordinate system or a 3D Euclidian distance as described inWO 02/22014.

[00271] In this way, the size of the defect to be repaired can be

detennined. As will be apparent, some, but not all, defects will include less

than the entire cartilage. Thus, in one embodiment of the invention, the

thickness of the normal or only mildly diseased cartilage surrounding one or

more cartilage defects is measured. This thickness measurement can be

obtained at a single point or, preferably, at multiple points, for example 2

point, 4-6 points, 7-10 points, more than 10 points or over the length of the

entire remaining cartilage. Furthermore, once the size of the defect is

detennined, an appropriate therapy {e.g., articular repair system) can be

selected such that as much as possible of the healthy, surrounding tissue Is

presen/ed.
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[00272] In other embodiments, the curvature ofthe articular surface can

be measured to design and/or shape the repair material. Further, both the

thickness of the remaining cartilage and the curvature of the articular surtace

can be measured to design and/or shape the repair material. Alternatively,

5 the curvature of the subchondral bone can be measured and the resultant

measurement(s) can be used to either select or shape a cartilage

replacement material. For example, the contour of the subchondral bone can

be used to re-create a virtual cartilage surface: the margins of an area of

diseased cartilage can be identified. The subchondral bone shape in the

10 diseased areas can be measured. A virtual contour can then be created by

copying the subchondral bone surliace into the cartilage surface, whereby the

copy of the subchondral bone surface connects the margins of the area of

diseased cartilage.

[00273] Tu ming now to Figs. 7a-h, various stages of knee resuri^adng

15 steps are shown. Fig. 7a illustrates an example of normal thickness cartilage

700 in the anterior, central and posterior portion of a femoral condyle 702 with

a cartilage defect 705 in the posterior portion of the femoral condyle. Fig. 7b

shows the detection of a sudden change in thickness indicating the margins

of a cartilage defect ZfOthat would be observed using the imaging

20 techniques or the mechanical, optical, laser or ultrasound techniques

described above. Fig. 7c shows the margins of a weight-bearing surface 715

mapped onto the articular cartilage 700. Cartilage defect 705 is located within

the weight-bearing surface 71S.

[00274] Fig. 7d shows an intended implantation site (stippled line) 720

25 and cartilage defect 705. In this depiction, the implantation site 720 is slightly

larger than the area of diseased cartilage 705. Fig. 7e depicts placement of
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a single component articular surface repair system 725. The external surfece

of the articular surface repair system 726 has a curvature that seamlessly

extends from the surrounding cartilage 700 resulting in good postoperative

alignment between the sumounding nonnal cartilage 700 and the articular

5 surtiace repair system 725.

[002751 Fig. 7f shows an exemplary multi-component articular surface

repair system 730. The distal suriiace 733 of the second component 732 has

a curvature that extends from that of the adjacent subchondral bone 735. The

first component 736 has a thickness * and suriiace curvature 738 that extends

10 from the surrounding normal cartilage 700. In this embodiment, the second

component 732 could be fornied from a material with a Shore or Rockwell

hardness that is greater than the material forming the first component 736, if

desired. Thus it is contemplated that the second component 732 having at

least portion of the component in communication with Ihe bone of the joint is

15 harder than the first component 736 which extends from the typically naturally

softer cartilage material. Other configurations, of course, are possible without

departing from the scope of the invention.

[00276] By providing a softer first component 736 and a fimner second

component 732, the overall Implant can be configured so that its relsrtive

20 hardness is analogous to that of the bone-cartilage or bone-meniscus area

that it abuts. Thus, the softer material first component 736, being formed of a

softer material, could peribmn the cushioning function of the nearby meniscus

or cartilage.

[00277] Fig. 7g shows another single component articular suriiace repair

25 system 740 with a peripheral margin 745 which is configured so that it is
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substantially non-perpendicular to the surrounding or adjacent normal

cartilage 700. FiG. 7h shows a multi-component articular surface repair

system 750 with a first component 751 and a second component 752 similar

to that shown in Fig. 7g with a peripheral margin 745 of the second

component 745 substantially non-perpendicular to the surrounding or

adjacent normal cartilage 700.

[00278] Now turning to Figs. 8a-e, these figures depict exemplary knee

imaging and resurfacing processes. Fig. 8a depicts a magnified view of an

area of diseased cartilage 805 demonstrating decreased cartilage thickness

when compared to the surrounding normal cartilage 800. The margins 810 of

the defect have been detennined. Fig. 8b depicts the measurement of

cartilage thickness 815 adjacent to the defect 805. Fig. 8c depicts the

placement of a multi-component mini-prosthesis 824 for articular resurfacing.

The thickness 820 of the first component 823 closely approximates that of the

adjacent normal cartilage 800. The thickness can vary in different regions of

the prosthesis. The curvature of the distal portion 824 of the first component

823 closely approximates an extension of the normal cartilage 800

surrounding the defect. The curvature of the distal portion 826 of the second

component 825 is a projection of the surface 827 of the adjacent subchondral

bone 830 and can have a curvature that is the same, or substantially similar,

to all or part of the surrounding subchondral bone.

[00279] Fig. 8d is a schematic depicting placement of a single

component mini-prosthesis 840 utilizing anchoring stems 845. As will be

appreciated by those of skill in the art, a variety o configurations, including

stems, posts, and nubs can be employed. Additionally, the component is

depicted such that its internal surface 829 is located within the subchondral
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bone 830. In an alternative construction, the interior surface 829 conforms to

the surface of the subchondral bone 831.

[00280] Fig. 8e depicts placement of a single component mini-prosthesis

840 utilizing anchoring stems 845 and an opening at the external surface 850

5 for injection of bone cement 855 or other suitable material. The injection

material 855 can freely extravasale into the adjacent bone and manow space

from several openings at the undersurface of the mini-prosthesis flfiO thereby

anchoring the mini-prosthesis.

[00281] Figs. 9ArC, depict an alternative knee resurfacing device.

10 Fig. 9a depicts a normal thickness cartilage in the anterior, central and

posterior portion of a femoral condyle 900 and a large area of diseased

cartilage 90S toward the posterior portion of the femoral condyle. Fig. 9b

depicts placement of a single component articular surface repair system 910.

Again, the implantation site has been prepared with a single cut 921, as

15 illustrated. However, as will be appreciated by those of skill in the art, the

repair system can be perpendicular to the adjacent normal cartilage 900

without departing from the scope of the Invention. The articular surface repair

system is not perpendicular to the adjacent normal cartilage 900. Fig. 9c

depicts a multi-component articular surface repair system 920. Again, the

20 implantation site has been prepared with a single cut (cut line shown as 921).

The second component 930 has a curvature similar to the extended

surface 930 adjacent subchondral bone 935. The first component 940 has a

curvature that extends from the adjacent cartilage 900.
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B. Device Modeling IN srru

[00282] Another approach to repairing a defect is to model defect repair

system in situ, as shown in Figs. 10a*. As shown in Fig. 10a, one approach

would l3e to insert a hollow device, such as a balloon, into the target joint

5 1000. Any device capable of accepting, for example, injections of material

would be suitable. Suitable injection materials include, for example, polymers

and other materials discussed in Section II, above, can be used without

departing from the scope of the invention.

[00283] In one embodiment it is contemplated that an insertion device

10 has a substantially fixed shape that matches at least one articular surlace or

subchondral bone of the joint. After inserting the insertion device 1000,

material is injected into the joint through the insertion device 1010 where it

then hardens in atu, fonning an implant 1052. The injection material can

optionally bond to the device while hardening.

15 [00284] Alternatively, the implant can be removed after hardening 1020

for further processing 1030, such as polishing, e.g. as described Section IV.

[00285] Where the implant is removable after hardening in situ, it can be

preferable to have the implant be formed so that it is collapsible, foldable or

generally changeable in shape to facilitate removal. After processing, the

20 implant can be reinstalled 1040.

[00286] One or more molds can be applied to one or more articular

surfaces. The mold can have an intemal surface fadng the articular surface

that substantially conforms to the shape of the articular cartilage and/or the

shape of the subchondral bone. A hardening material Including a polymer or

25 metals can then be injected through an opening in the mold. The opening can
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include a membrane that allows Insertion of an injection device such as a

needle. The membrane helps to avoid reflux of the injected material into the

joint cavity. Alternatively, the mold can be made of a material that provides

sufficient structural rigidity to allow hardening of the injected substance with

5 the proper shape while allowing for placement of needles and other devices

through the nxild.

[00287] Additionally, the implant device can be composed of a plurality

of subcomponents, where the volume or size of each of the subcomponents

is smaller than the volume ofthe implant. The different subcomponents can

10 be connected or assembled prior to inseri:ion into the joint 1050 (whether

outside the body or adjacent the joint but within or substantially within the

body), or, in some instances, can be assembled after insertion to the

joint 1052. The subcomponents can be disassembled inside the joint, or

adjacent the joint, once hardening of the injectable material has occun-ed.

16 [0028ff| Additionally, the implant can be f\xe6 to the suriace of the bone

after implantation 1060 For example, fixation mechanisms can include

mechanical structures such as fins, keels, teeth and pegs or non-mechanical

means, such as bone cement, ©ft?. Typically after the device is implanted

and/or fixed within the joint, the functionality of the implant is tested 1070to

20 detemnine whether it enables the joint to engage in a desired range of motion.

As will be appreciated by those of skill in the art, one or more of these steps

can be repeated without departing from the scope of the invention, as shown

by the optional repeat steps 1001, 1011, 1021, 1031, 1041, 1051, 1053, 1061

and 1071.
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[00289] As shown in Fig. 10b, another approach would be to insert a

retaining device into the target joint 1002. Any device capable of accepting,

for example. Injections of material would be suitable. Suitable materials

include, for example, polymers and other materials discussed in Section II,

5 above, can be used without departing from the scope of the invention.

[00290] In one embodiment it is contemplated that an insertion device

has a substantially fixed shape that matches at least one articular surface or

subchondral bone of the joint. After inserting tiie retaining device 1002,

material is injected into a hollow area Ibmried between the retaining device

10 and the joint surfece through an aperture 1012 where it then hardens in situ,

forming an implant 1052. The injection material can optionally bond to the

device while hardening.

[00291] Alternatively, the implant can be removed after hardening 1020

for further processing 1030, such as polishing, e.g. as described Section IV.

5 [00292] Where the implant is removable after hardening in situ, it can be

preferable to have the implant be fornied so that it is collapsible, foldable or

generally changeable in shape to facilitate removal. After processing, the

implant can be reinstalled 1040.

[00293] Additionally, the implant device can be composed of a plurality

0 of subcomponents, where the volume or size of each of the subcomponents

is smaller than the volume of the implant. The different subcomponents can

be connected or assembled prior to insertion into the joint 1050 (whether

outside the body or adjacent the joint but within or substantially within the

body), or, in some instances, can be assembled after insertion to the
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joint 1052. The subcomponents can be disassembled inside the joint, or

adjacent the joint, once hardening of the injectable material has occurred.

[00294] Additionally, the Implant can be Hxed to the surlace of the bone

after Implantation 1060 For example, fixation mechanisms can Include

5 mechanical structures such as fins, keels, teeth and pegs or non-mechanical

means, such as bone cement, etc. Typically after the device is implanted

and/or fixed within the joint, the fijnctionality ofthe implant is tested 1070 to

detemiine whether it enables the joint to engage in a desired range of motion.

As will be appreciated by those of skill In the art, one or more of these steps

10 can be repeated without departing fl-om the scope of the Invention, as shown

by the optional repeat steps 1003, 1013, 1021, 1031, 1041, 1051, 1053, 1061

and 1071.

[00295] Prior to pertbmning tiie method shown in Fig. 1 Ob, one or more

holes or apertures can be drilled into the suriace of the bone at an angle

15 either perpendicular to the bone suriace or set at an angle. Upon Injecting

material undemeath the retaining device, tiie material embeds witiiln the

holes and forni pegs upon hardening.

[00296] In one contemplated embodiment, at least a portion of the

Implantation device remains In situ after hardening of the injection material. In

20 this scenario, tiie implantation device can be formed from a bio-resorijable

material. In this instance, the container fonning the implantation device can

be resoriaed, typically some time after hardening of the injection material.

[00297] The shape of the implantation device can be fixed. Where the

shape is fixed, an imaging test or intraoperative measurement can be used to

25 either shape or select the best fitting device for a particular patient, for
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example, using the imaging techniques and intraoperative measurement

techniques described in Sections Ia-b, above.

[00298] In other embodiments, portions of the device can be rigid, or

substantially rigid, while other portions of the device are defonnable or

malleable. Alternatively, a portion of the device can be relatively more rigid

than another portion, without any requirement that any section be rigid,

defonnable or malleable, but that sections vary in hardness relative to another

section. In this manner the shape of the rigid, substantially rigid, or relatively

more rigid section can be detemained, for example, using an imaging test, in

contrast, it is possible that the malleable, defonnable, or relatively more

defonnable portion of the Implantation device can then take the shape of one

or more articular surface in situ. This occurs particularly after the implantation

material has been injected and while the material Is hardening in situ. In still

other embodiments, the entire device can be delbnnable.

[00299] In other embodiments, the implantation device can be

expandable or collapsible. For example, a support structure such as a

Nitinol™ mesh can be inserted into the joint. Insertion can occur via, for

example, a catheter or an arthroscopy portal. Once inside the joint, the

implantation device can then be expanded. The implantation device can

include a receptacle, such as a bag, to receive the injection of hardening

material, such as polyethylene or other liquid including metal preparations.

The receptacle portion of the implantation device can be bio-resorbable

and/or can bond with the injected material. Alternatively, the implantation

device can be removed subsequent to injecting the material. Where a

supporting material Is used, the supporting material can be removed

concurrently or subsequent to the removal of the implantation device, either

107



wo 2007/092841 PCT/US2007/061681

via an incision or by collapsing the implantation device and removing it via, for

example, the catheter or arthroscopy portal.

[00300] In another embodiment, a balloon such as that shown in

Figs. 11a-e, can be used as the implantation device. Different balloon shapes

5 and sizes can be made available. A detailed description of all possible shapes

and sizes for the balloons is not included to avoid obscuring the invention, but

would be apparent to those of skill in the art. Where a balloon is used, it can

be inserted into a joint and inflated. The size, height, shape and position of

the balloon can be evaluated arthroscopically or via an open incision or using,

10 for example, an imaging test relative to the articular suriace and the other

articular strictures. Range of motion testing can be peribmned in order to

ensure adequate size, shape and position of the device during the full range

of motion.

[00301] After insertion, the balloon can be slowly injected with, for

15 example, a self-hardening material, or material that hardens upon activation.

Suitable materials are described below and would be apparent to those of

skill in the art. Typically, upon injection, the material is in a fluid or semi-fluid

state. The material expands the balloon as it is injected which results in the

balloon taking on the shape of the articular suri^ace, for example as shown in

20 Fig. 11a, and other articular structures such that it fills the defect.

[00302] The balloon can be slowly injected with a self hardening or

hanJening material such as a polymer and even metals. The material is

initially in a fluid or semi-fluid state. The material expands the balloon

whereby the shape of the balloon will take substantially the shape of the

25 articular suriace(s) and other articular structures. The polymer will
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subsequently harden inside the balloon thereby substantially taking the shape

of the articular cavity and articular surfiace(s) / structures. The balloon can

also be composed of a bio-resorbable material. The balloon can also be

removed after the procedure.

[00303] Comparing, for example, the embodiments illustrated in

Figs. 11a-c, Fig. 11a illustrates a single balloon 1100 Inserted between two

joint surfaces 1102, 1104 of a joint 1110. In this figure, the joint surfaces are

illustrated with associated cartilage 1106, 1108. The proximal end fft2of the

balloon is configured to communicate with a device that enables the balloon

to be inflated, e.g. by filling the balloon ttOO with a substance. Substances

include, but are not limited to, air, polymers, crystal free metals, or any other

suitable material, such as those discussed in Section II above. The

balloon 1100 of Fig. 11a is configured such that the distal end ofthe

balloon 1114 does not extend beyond distal end of the joint 1120 (where the

distal end of the joint is defined relative to the area of the joint where the

balloon entered the joint).

[003041 Fig. 11b ill ustrates an alternative balloon 1130 wherein the

distal end 1114 of the balloon 1130 and the proximal end 1113 of the

balloon ff30 extends beyond the distal f120 and proximal ff22endof the

joint. This extension can be optimized for flexion and extension by using

different balloon sizes. FiG. 11c illustrates a balloon 40 wherein the

balloon 1140 is configured such that the distal end 1114 ofthe balloon 1140

extends beyond the distal /f20ofthe joint while the proximal end llUaftlne

balloon 1140 does not extend beyond the end of the joint. As will be

appreciated by those of skill in the art. other pennutations are possible

without departing irom the scope ofthe invention.
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[003051 Additionally, a sharp instrument such as a scalpel can be

Inserted into the balloon or adjacent to the balloon and the balloon can be cut

or slit. The balloon can then be pulled back from the hardened material and

removed from the joint, preferably through a catheter or an arthroscopy portal.

5 [00306] More than one balloon can be used as illustrated in Figs. 11D-G.

Where a plurality of balloons used, the balloons can be configured such that

the balloons are inserted side-by-side as shown by 1150, 1152 in Fig. 11d,

inserted in different compartments as shown by 1154. 1156 in Fig. 1lE,one or

more balloons are encompassed within the lumen of another balloon, as

10 shown by 11S0, 1162 and 1170, 1172, 1174 in Figs. 11f-g, in a lop-bottom

relationship, and/or combinations thereof.

[00307] Each balloon can have the same or different wall thickness or

can be composed of the same or different materials. As a result of differences

in material, a person of skill in the art will appreciate that the amount of

1 5 pressure required to expand each of the balloons can vary either uniformly or

in a non-unifbrni fashion. These pressures would be known to a person of

skill in the art and are not discussed at length herein to avoid obscuring the

invention.

[00308] For example, in one scenario the superior and inferior surface of

20 a first, inner balloon, can have a low inflation pressure relative to a second

balloon. Thus, as tiie material is injected, the pressure created Inside the

lumen of the balloon is directly transmitted to one or more articular surfiace. In

this manner, the distance between the two articular surtaces can be

controlled and a minimum distance can be obtained ensuring a sufficient
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thickness of the resultant implant. This embodiment can be useftil in areas

within or bordering the contact zone of the articular surface.

[00309] A second outer or peripheral balloon can be provided that

requires a higher inflation pressure relative to the first balloon. The inner, low

5 inflation pressure balloon can be placed In the weight-bearing zone. The

same balloon can also have different wall properties in different regions of the

balloon, e.g. a rigid wall with high Inflation pressures In the periphery and a

less rigid wall with Intemiediate or low inflation pressures in the center.

[0031 0] Alternatively, a first balloon, having a low inflation pressure

1 0 relative to a second balloon Is provided in an area bordering the contact zone

of the articular surface. Again, as material is injected, the pressure created

inside the lumen of the balloon Is directly transmitted to one or more articular

surface. In this manner, the distance between the two articular surfaces can

be controlled and a minimum distance can be obtained ensuring a sufficient

15 thickness of the resultant Implant.

[0031 1] A second balloon can be provided at an area where there is

relatively more weight bearing. This balloon can be configured to require a

higher inflation pressure relative to the first balloon.

[0031 2] Differences in wall thickness, pressure tolerances and

20 expandability of balloons can also be used to influence the resulting shape of

the injected material.

[00313] The results of using inflation devices, or balloons, with differing

wall thicknesses or pressure tolerances is shown in Figs. 12a-f. As shown in

Fig. 12a the balloon 1200 has an upper surface 1210 and a lower surface

25 1212 along with a proximal end 1214 and a distal end 1216. The relative
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pressure tolerance ofthe balloon or inflation device 1200 is lower on the

lower surface 1212 Vnan the upper surface 1210. As a result, the upper

surface of the balloon 1210 has a relatively flat configuration relative to its

cornesponding joint surface while the lower surface 1212 has a relatively

5 conforming shape relative to its corresponding joint surface.

[0031 4] Turning now to Fl6. 12b, the inflation device used 1220 has a

relatively constant pressure tolerance that is relatively high which results in

both the upper surface 1210 and the lower surface 1212 having relatively flat

configurations relative to each of its corresponding joint surfaces, regardless

10 of the joint surface anatomy.

[0031 5] Fig. 12c ill ustrates a balloon 1230 havi ng a low inflation

pressure at its proximal 1214 and distal 1216 ends, with a higher inflation

pressure at a central region 1218. The result of this configuration is that when

the balloon is Inflated, the proximal and distal ends inflate to a greater profile

15 (e.g., height) than the central region. The Inflation pressure ofthe central

region, although higher than the proximal and distal ends, can be set such

that the central region has a relatively flat configuration relative to the

corresponding joint surfaces, as shown, or can be configured to achieve the

result shown In Fig. 12a.

20 [0031 6] As will be appreciated by those of skill in the art, any of these

balloons can be configured to have varying properties resulting in portions of

the wail being less rigid than other portions, within the same balloon, e.g. a

rigid wall with high Inflation pressures in the periphery and a less rigid wall

with intermediate or low inflation pressures in the center. Where there is more

25 than one thickness to the balloon, It could, for example, have less slifftiess
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anteriorly; greater stiffness centrally, and less stiffriess posterioriy. The wall

thickness variability will enable the device to accommodate shape fomiation.

Central thickness will help prevent the device from fully conlbmning to the

irregular surface of the joint, which may be important where there are

5 Irregularities to the joint surface, such as bone spurs. Alternatively, if the

central portion is of less stiffness than the anterior and posterior sections, the

device would be configured to conlbrm more closely to the shape of the joint

surface, including any irregularities. The closer the device confomis to the

joint shape, the more the device seats within the joint.

1 0 [0031 7] Optionally, the surgeon can elect to remove surface

irregularities, including bone spurs. This can be done using known techniques

such as arthroscopy or open arthrotomy.

[0031 8] Where more than one balloon is used, the different balloons can

have different shapes and sizes. Shape and size can be adjusted or selected

15 for a given patient and joint. In addition to size and shape differences of the

balloons, each of the balloons can also be configured to have different and/or

varying wall thicknesses. For example, one balloon could be configured with a

central portion that is less stiffthan the anterior and posterior sections while a

second balloon could be configured so that the central portion is of greater

20 stiffness than the anterior and posterior section.

[0031 9] Figs. 12d-e illustrate configurations using two balloons. As

shown in Fig. 12d the first balloon 7244 sits within a second balloon f242 to

form an inflation device 1240. In this embodiment, the inferior surface 1246 of

the extemal second balloon 1242 is configured with an inflation pressure that

25 enables at least one surface of the device to conform, or substantially
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conform, to the corresponding joint surface. Fig. 12e also illustrates a two

balloon configuration f250 with a first balloon 1254 and a second

balloon 1252. In this embodiment, the inflation pressure of the device is

configured such that the surface does not substantially confonn to the

5 corresponding joint surface.

[00320] Figs. 13a-j(1-3) illustrate a variety of crossHseclions possible for

the embodiments shown in Figs.11-12. These embodiments illustrate

possible profiles achieved with a single balloon (Figs. 13a(1-3)); a dual

balloon embodiment wherein one balloon fits within a second balloon in

10 approximately a central position (Fig. 13b(1-3)} or in an off-centered position

within a second balloon (Figs. 13d(1-3)); a tri-balloon set-up where two

balloons fit within a first balloon (Figs. 13c(1-3)), three balloons are

positioned next to each other (Figs. 13 H(1-3)), or two balloons are adjacent

each other while one balloon has another balloon within its lumen (Figs.

5 13e(2-3), f(2), g(2)); a four balloon set-up where two balloons are adjacent

each other and each one has a balloon within its lumen (Fig. 13g(3)) or three

balloons are adjacent each other with at least one of the three balloons

having another balloon within its lumen (Figs. 13i(2-3)), or a five balloon set

up where three balloons are positioned adjacent each other and two of the

0 three balloons have balloons within its lumen (Fig. 13j(1)). As will be

appreciated by those of skill in the art, other combinations and profiles are

achievable using the teachings of the invention without departing from the

scope of the invention. All possible combinations have not been illustrated in

order to avoid obscuring the invention.

5 [00321] In another embodiment, a probe can be Inserted into the balloon

or the device. The probe can be utilized for measuring the device thickness
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(e.g. minima and maxima). In this and otlier embodiments, the balloon can be

initially injected with a test material that is typically not hardening. Once inside

the balloon or the device, the thickness ofthe device or the balloon can be

measured, e.g. for a given inflation pressure. In this manner, a sufficient

5 minimum implant thickness can be ensured. Probes to measure the thickness

of the device or the balloon include, but are not limited to ultrasound,

including A-, B- or C-scan.

[00322] Tuming now to Figs. 14a-j which illustrate the cartilage repair

system described in Fig, 10b utilizing the retaining device. Fig. 14a and d

10 illustrate a cartilage defect 1501 on an articular surface 1500 in the sagittal

plane S and the conanal plane C, The surgeon debrides the defect thereby

optionally creating smooth margins 1502.

[00323] A retaining device 1510 is applied to the defect 1501 to define a

cavity 1520. A hardening material can be injected Into an aperture 1512 in the

15 retaining device 1510. Suitable materials include, but not limited to, a polymer

or a crystal free metal. Additionally, as will be appreciated by those of skill in

the art, the material injected can be initially in powder form with a liquid

catalyst or hardening material injected thereafter.

[00324] As illustrated in Figs. 14g, the surtace ofthe bone f550can be

20 prepared, e.g. by curette or drill , so that the suriiace of the bone 1550 defines

small teeth, holes, or anchoring members, t552that help anchor the resulting

device to the articular surface 1550. As shown in Fig. 14g(2) and (5) the drill

holes can be drilled parallel in relation to one another, where there are more

than two, and perpendicular to the surtiaoe of the subchondral bone 1552.

25 Alternatively, the drill holes can be drilled at an angle in relationship to each
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other and at a angle that is not perpendicular to the subchondral bone 1553

as illustrated in Fig. 15g(3-4). As will be appreciated by those of skill in the

art, one or more pegs can be created on the surface of the bone. For example

Fig. 14g(2) illustrates a two peg set-up while Fig. 14g(8) illustrates a single

peg scenario and Fig. 14g(4) illustrates a four peg scenario where some pegs

are in parallel relationship while others are not. As shown in Fig. 14g(9}, the

aperture (1552 or 1553} can be fomned so that the bore does not form a

cylinder, but rather has channel protrusions 1572 into the bone that, when

filled, form the turning channel for a screw, thus resulting in the filled aperture

forming a screw that enables the anchored device to be removed by turning in

a clockwise or counter-dockwise direction.

[00325] As shown in Fig. 14h, a ridge 1546. typically drcumfererrtial,

can be used. The drcumferential ridge can help achieve a tight seal between

the detaining device and the cartilage in order to avoid spillage of the injected

material in the joint cavity. Alternatively, the periphery of the moid can indude

a soft, compressible material that helps achieve a tight seal between the mold

and the sun^ounding cartilage.

[003261 Fig. 14i illustrates the retaining mold with a handle placed on

the surface of a bone.

[00327] As shown In Fig. 14j, the retaining device 1510 can have one or

more handles 1547 attached to it. The handle can fiadlitate the surgeon

maintaining the retaining device in position while the injected material

hardens. The aperture 1512 of ihe retaining device accepts Injections and can

indude a membrane 1513 as shown in Fig. 14j. The configuration assists in

creating a tight seal after a needle 1560 or injection Instrument used to inject
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the material 1570 into the cavity 1520 is removed. Additionally, or inpiace of

the membrane 1512, a cap 1514 can be provided that seals the aperture

1512 after the material 1570 is injected. Additionally, anchoring teeth 1590

can be provided that communicate with the meniscus 1591 or cartilage

5 surrounding a defect. The anchoring teeth f590 help keep the device stable

when placed over the defect.

[003281 As illustrated in Fig. 14g(4) more than one aperture 1512, 1512'

can be provided without departing from the scope of the invention.

[00329] The retaining device system can be designed to inject an area

10 equal to or slightly greater than the area of diseased cartilage. Alternatively,

the retaining device system can be designed for the entire weight-bearing

surface or the entire articular surface of a compartment. Retaining devices

can be used on opposing articular surfaces, e.g. on a femoral condyle and a

tibial plateau, thereby recreating a smooth gliding surface on both articular

15 surfaces.

[00330] The retaining device can be designed to allow for light exposure

including UV light. For example, the retaining device can be made using a

transparent plastic. The retaining device can also be made to allow for

passage of ultrasound waves.

20 [00331] C. Customized Containers

[00332] In another embodiment of the invention, a container or well can

be formed to the selected specifications, for example to match the material

needed for a particular subject or to create a stock of repair materials in a

variety of sizes. The size and shape of the container can be designed using

25 the thickness and curvature information obtained from the joint and from the
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cartilage defect. More specifically, the inside of the container can be shaped

to follow any selected measurements, for example as obtained from the

cartilage defect(s) of a particular subject. The container can be filled with a

cartilage replacement or regenerating material, for example, collagen-

5 containing materials, plastics, bioresorbable materials and/or any suitable

tissue scaffold. The cartilage regenerating or replacement material can also

consist of a suspension of stem cells or fetal or immature or mature cartilage

cells that subsequentiy develop to more mature cartilage inside the container.

Further, development and/or differentiation can be enhanced with use of

1 0 certain tissue nutrients and growth factors.

[00333] The material is allowed to harden and/or grow inside the

container until the material has the desired traits, for example, thickness,

elasticity, hardness, biochemical composition, etc. Molds can be generated

using any suitable technique, for example computer devices and automation,

15 e.g. computer assisted design (CAD) and, for example, computer assisted

modeling (CAM). Because the resulting material generally follows the contour

of the inside of the container rt will better fit the defect itself and facilitate

integration.

D. Designs Encompassing MuLTiPif Component Repair Materials

20 [00334] The articular repair system or Implants described herein can

include one or more components.

[00335] Figs. 1 5a-b shows single and multiple component devices.

Fig. 15a illustrates an example of a single component articular surface repair

system 1400 with varying curvature and radii that fits within the subchondral

25 bone ^420 such that the interior suriace 1402 ofthe system 1400 does not
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form an extension of the surface of the subchondral kjone 1422. The articular

surface repair system is chosen to include convex 1402 and concave 1404

portions. Such devices can be preferable in a lateral femoral condyle or small

joints such as the elbow joint. Fig. 15b depicts a multi-component articular

5 surface repair system with a second component 1410 with a surface 1412

that forms an extension of the surface 1422 of the subchondral bone 1420

and a first component 1405 with an interior surface 1406 that forms an

extension of the curvature and shape of the sun-ounding normal cartilage

1415. The second component 1410 and the first component 1405

10 demonstrate varying curvatures and radii with convex and concave portions

that con-espond to the curvature of the subchondral bone 1420 and/or the

nonnal cartilage 1415. As will be appreciated by those of skill in the art, these

two components can be formed such that the parts are integrally formed with

each other, or can be formed such that each part abuts the other.

15 Additionally, the relationship between the parts can be by any suitable

mechanism including adhesives and mechanical means.

[00336] Figs. 1 6a-b show articular repair systems 1 00 having an outer

contour 102 forming an extension of the sun-ounding normal cartilage 200.

The systems are implanted into the underlying bone 300 using one or more

20 pegs 1 50, 1 75. The pegs, pins, or screws can be porous-coated and can

have flanges 125 as shown in Fig. 15b.

[00337] Fig. 1 7 shows an exemplary articular repair device 500

including a flat surface 510 to control depth and prevent toggle; an exterior

surface 515 having tiie contour of normal cartilage; flanges 517 to prevent

26 rotation and control toggle; a groove 520 to facilitate tissue in-growth.
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[00338] FIGS. 18A-D depict, in cross-section, another example of an

implant 640 witli multiple anchoring pegs, stems, or screws 645. Fig. 18b-d

show various cross-sectionai representations of various possible

embodiments of the pegs, or anchoring stems. Fig. 18b shows a peg 645

5 having a notch 646 or groove around its circumference; FlG. 18c shows a peg

645 with radially-extending amis 647 that help anchor the device in the

underlying bone; and Fig. IBd shows a peg 645 with multiple grooves or

flanges 648.

[00339] Figs. 1 9a-b depict an overhead view of an exemplary

10 implant 650 with multiple anchoring pegs 655 which illustrates that the pegs

are not necessarily linearly aligned along the longitudinal axis of the device.

[00340] Fig. 20a depicts an implant 660 with a peg 66f having radially

extending arms 665. Figs. 20b-e are top views of the implant pegs illustrating

a variety of suitable alternative shapes.

1 5 [00341] Examples of one-component systems include, but are not

limited to, a plastic, a polymer, a metal, a metal alloy, crystal free metals, a

biologic material or combinations thereof. In certain embodiments, the

surface of the repair system facing the underlying bone can be smooth. In

other embodiments, the surface of the repair system facing the underlying

20 bone can be porous or porous-coated. In another aspect, the surface of the

repair system facing the underlying bone is designed with one or more

grooves, for example to facilitate the in-growlh of the sun^ounding tissue. The

extemal surface ofthe device can have a step-like design, which can be

advantageous for altering biomechanical stresses. Optionally, flanges can

25 also be added at one or more positions on the device (e.g., to prevent the
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repair system from rotatirtg, to corrtrol toggle and/or prevent settling Into the

marrow cavity). The flanges can be part of a conical or a cylindrical design.

A portion or all of the repair system lacing the underlying bone can also be

flat which can help to control depth of the implant and to prevent toggle.

5 [00342] Non-limiting examples of multiple-component systems inci ude

combinations of metal, plastic, metal alloys, crystal fiiee metals, and one or

more biological materials. One or more components of the articular surface

repair system can be composed of a biologic material (e.g. a tissue scaffold

with cells such as cartilage cells or stem cells alone or seeded within a

10 substrate such as a bioresorable material or a tissue scaffold, allograft,

autograft or combinations thereof) and/or a non-biological material (e.g.,

polyethylene or a chromium alloy such as chromium cobalt).

[00343] Thus, the repair system can include one or more areas of a

single material or a combination of materials, for example, the articular

15 surface repair system can have a first and a second component. The first

component is typically designed to have size, thickness and curvature similar

to that of the cartilage tissue lost while the second component is typically

designed to have a curvature similar to the subchondral bone. In addition, the

first component can have tnomechanical properties similar to articular

20 cartilage, including but not limited to similar elasticity and resistance to axial

loading or shear forces. The first and the second component can consist of

two different metals or metal alloys. One or more components of the system

(e.g., the second portion) can be composed of a biologic material including,

but not limited to bone, or a non-biologic material Including, but not limited to

25 hydroxyapatite, tantalum, a chromium alloy, chromium cobalt or other metal

alloys.
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[00344] One or more regions of the articular surface repair system {e.g.,

the outer margin ofthe first portion and/or the second portion) can iDe

bioresorbable, for e)cample to allow the interface between the articular surface

repair system and the patient's nomnal cartilage, over time, to be filled In with

hyaline or fibrocartilage. Similarly, one or more regions (e.g., the outer

margin of the first portion of the articular surface repair system and/or the

second portion) can be porous. The degree of porosity can change

throughout the porous region, linearly or non-linearly, for where the degree of

porosity will typically decrease towards the center of the articular surface

repair system. The pores can be designed for in-growth of cartilage cells,

cartilage matrix, and connective tissue thensby achieving a smooth interface

between the articular suriiace repair system and the surrounding cartilage.

[00345] The repai r system (e.g., the secjond component in multiple

component systems) can be attached to the patienfs bone with use of a

cement-like material such as methylmethacrylate. Injectable hydroxy- or

calcium-apatite materials and the like.

[00346] In certain embodiments, one or more portions of the articular

surface repair system can be pliable or liquid or deformable at the time of

Implantation and can harden later. Hardening can occur, for example, within

1 second to 2 hours (or any time period therebetween), prefierably with in 1

second to 30 minutes (or any time period therebetween), more preferably

between 1 second and 10 minutes (or any time period therebetween).

[00347] One or more components of the articular surface repair system

can be adapted to receive Injections. For example, the extemal surface of the

articular suriiace repair system can have one or more openings therein. The
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openings can be sized to receive screws, tubing, needles or otiier devices

which can be inserted and advanced to tlie desired depth, for example,

through the articular surface repair system into the marrow space. Injectables

such as methyl methacrylate and injectable hydroxy- or calcium-apatite

5 materials can then be introduced through the opening (or tubing inserted

therethrough) into the marrow space thereby bonding the articular surface

repair system with the marrow space. Similarly, screws or pins, or other

anchoring mechanisms, can be inserted into the openings and advanced to

the underlying subchondral bone and the bone marrow or epiphysis to

10 achieve fixation ofthe articular surface repair system to the bone. Portions or

all components of the screw or pin can be bioresorbable, for example, the

distal portion of a screw that protrudes into the marrow space can be

bioresorbable. During the initial period after the surgery, the screw can

provide the primary fixation of the articular surface repair system.

15 Subsequently, ingrowth of bone into a porous coated area along the

undersurface of the articular cartilage repair system can take over as the

primary stabilizer of the articular surface repair system against the bone.

[00348] The articular surface repair system can be anchored to the

patient's bone with use of a pin or screw or other attachment mechanism.

20 The attachment mechanism can be bioresorbable. The screw or pin or

attachment mechanism can be inserted and advanced towards the articular

suriiace repair system from a non-cartilage covered portion of the bone or

from a non-weight-bearing surface of the joint.

[00349] The interface between the articular surface repair system and

25 the surrounding normal cartilage can be at an angle, for example oriented at

an angle of 90 degrees relative to the underlying subchondral bone. Suitable
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angles can be determined in view of the teachings herein, and in certain

cases, non-90 degree angles can have advantages with regard to load

distribution along the interface between the articular surface repair system

and the surrounding nomial cartilage.

[00350] The interface between the articular surface repair system and

the sumounding nomnal cartilage and/or bone can be covered with a

pharmaceutical or bioactive agent, for example a material that stimulates the

biological integration of the repair system into the nomial cartilage and/or

bone. The suriiaoe area of the interface can be irregular, for example, to

increase exposure of the interface to phamiaceutical or bioactive agents.

E. Pre-Existing Repair Systems

[00351] As described herein, repair systems, including surgical

instruments, templates, guides and/or molds, of various sizes, curvatures and

thicknesses can be obtained. These repair systems, including surgical

instmments, guides, templates and/or molds, can be catalogued and stored to

create a library of systems from which an appropriate system for an individual

patient can then be selected. In other words, a defect, or an articular surface,

is assessed in a particular subject and a pre-existing repair system, including

surgical instruments, templates, guides and/or molds, having a suitable shape

and size is selected from the library for further manipulation (e.g., shaping)

and implantation.

F. Mini-Prosthesis

[00352] As noted above, the methods and compositions described

herein can be used to replace only a portion of the articular surface, for

example, an area of diseased cartilage or lost cartilage on the articular
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surface. In these systems, the articular surface repair system can be

designed to replace only the area of diseased or lost cartilage or it can extend

beyond the area of diseased or lost cartilage, e.g., 3 or 5 mm into normal

adjacent cartilage. In certain embodiments, the prosthesis replaces less than

5 about 70% to 80% (or any value therebetween) of the articular suriiace (e.g.,

any given articular surface such as a single femoral condyle, etc.), preferably,

less than about 50% to 70% (or any value therebetween), more preferably,

less than about 30% to 50% (or any value therebetween), more preferably

less than about 20% to 30% (or any value therebetween), even more

1 0 preferably less than about 20% of the articular surface.

[00353] The prosthesis can include multiple components, for example a

component that is implanted into the bone (e.g., a metallic device) attached to

a component that is shaped to cover the defect of the cartilage overiaying the

bone. Additional components, for example intemnediate plates, meniscal

15 repair systems and the like can also be included. It is contemplated that each

component replaces less than all ofthe con-esponding articular surface.

However, each component need not replace the same portion of the articular

surface. In other words, the prosthesis can have a bone-implanted

component that replaces less than 30% of the bone and a cartilage

20 component that replaces 60% of the cartilage. The prosthesis can include

any combination, provided each component replaces less than the entire

articular surface.

[00354] The articular suriiace repair system can be fomied or selected

so that it will achieve a near anatomic fit or match with the surrounding or

25 adjacent cartilage. Typically, the articular suriiace repair system is formed
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and/or selected so that its outer margin located at the external surfiace will l3e

aligned with the sun-ounding or adjacent cartilage.

[003551 Thus, the articular repair system can be designed to replace the

weight-bearing portion (or more or less thari the weight bearing portion) of an

5 articular suriiace, for example in a femoral condyle. The weight-bearing

suriace refers to the contact area between two opposing articular surfaces

during activilies of nomnal daily living (e.g., normal gait). At least one or more

weight-bearing portions can be replaced in this manner, e.g., on a femoral

condyle and on a tibia.

10 [00356] In other embodiments, an area of diseased cartilage or cartilage

loss can be identified in a weight-bearing area and only a portion of the

weight-bearing area, spedfically the portion containing the diseased cartilage

or area of cartilage loss, can be replaced with an articular suriace repair

system.

15 [00357] In another embodiment, the articular repair system can be

designed or selected to replace substantially all of the articular suriace, e.g. a

condyle.

[00358] In another embodiment, for example, in patients with diffuse

cartilage loss, the articular repair system can be designed to replace an area

20 slightly larger than the weight-bearing surface.

[00359] In certain aspects, the defect to be repaired is located only on

one articular surface, typically the most diseased surface. For example, in a

patient with severe cartilage loss in the medial femoral condyle but less

severe disease in the tibia, the articular suriace repair system can only be

25 applied to the medial femoral condyle. Preferably, in any methods described
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herein, the articular surface repair system is designed to achieve an exact or

a near anatomic fit with the adjacent normal cartilage.

[00360] In other embodiments, more than one articular surface can be

repaired. The area(s) of repair will be typically limited to areas of diseased

5 cartilage or cartilage loss or areas slightly greater than the area of diseased

cartilage or cartilage loss within the weight-bearing surface(s).

[00361] The implant and/or the implant site can be sculpted to achieve a

near anatomic alignment between the implant and the implant site. In another

embodiment of the invention, an electronic image is used to measure the

10 th!cl<ness, cun/ature, or shape of the articular cartilage or the subchondral

bone, and/or the size of a defect, and an articular suriace repair system is

selected using this infomation. The articular suriace repair system can be

inserted arthroscopically. The articular suri'ace repair system can have a

single radius. More typically, however, as shown in Fig. 15a, discussed

1 5 above, the articular surface repair system 1500 has varying curvatures and

radii within the same plane, e.g. anteroposterior or mediolateral or

superoinferior or oblique planes, or within multiple planes. In this manner, the

articular suriiace repair system can be shaped to achieve a near anatomic

alignment between the implant and the implant site. This design allows not

20 only allows for diffierent degrees of convexity or concavity, but also for

concave portions within a predominantly convex shape or vice versa 1500.

[00362] In another embodiment the articular suriace repair system has

an anchoring stem, used to anchor the device, for example, as described in

US Patent No. 6,224,632 to Pappas et al issued May 1, 2001. The stem, or

25 peg, can have different shapes including conical, rectangular, fin among
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others. The mating bone cavity is typically similarly shaped as the

corresponding stem.

[00363] As shown in Fig. 16, discussed above, the articular surface

repair system 100 can be affixed to the subchondral bone 300, with one or

5 more stems, or pegs, 1 50 extending through the subchondral plate into the

marrow space. In certain instances, this design can reduce the likelihood that

the implant will settle deeper into the joint over time by resting portions of the

implant against the subchondral bone. The stems, or pegs, can be of any

shape suitable to perform the function of anchoring the device to the bone.

10 For example, the pegs can be cylindrical or conical. Optionally, the stems, or

pegs, can further include notches or openings to allow bone in-growth. In

addition, the stems can be porous coated for bone in-growth. The anchoring

stems or pegs can be affixed to the bone using bone cement. An additional

anchoring device can also be affixed to the stem or peg. The anchoring

15 device can have an umbrella shape {e.g., radially expanding elements) with

the wider portion pointing towards the subchondral bone and away from the

peg. The anchoring device can be advantageous for providing immediate

fixation of the implant. The undersurface of the articular repair system facing

the subchondral bone can be textured or rough thereby increasing the contact

20 surface between the articular repair system and the subchondral bone.

Alternatively, the undersurface of the articular repair system can be porous

coated thereby allowing in-growth. The surgeon can support the in-growth of

bone by treating the subchondral bone with a rasp, typically to create a larger

surface area and/or until bleeding from the subchondral bone occurs.

25 [00364] I n another embodiment, the articular surface repair system can

be attached to the underlying bone or bone marrow using bone cement.
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Bone cement is typically made from an acrylic polymeric material. Typically,

the bone cement is comprised of two components: a dry powder component

and a liquid component, which are subsequently mixed together. The dry

component generally includes an acrylic polymer, such as

5 polymethylmethacrylate (PMMA). The dry component can also contain a

polymerization initiator such as benzoyiperoxide, which initiates the free-

radical polymerization process that occurs when the bone cement is formed.

The liquid component, on the other hand, generally contains a liquid

monomer such as methyl methacrylate (MMA). The liquid component can

10 also contain an accelerator such as an amine {e.g., N,N-dimethyl-p-toluidine).

A stabilizer, such as hydroquinone, can also be added to the liquid

component to prevent premature polymerization of the liquid monomer. When
the liquid component is mixed with the dry component, the dry component

begins to dissolve or swell in the liquid nnonomer. The amine accelerator

15 reacts with the initiator to fomn free radicals that begin to link monomer units

to form polymer chains. In the next two to four minutes, the polymerization

process proceeds changing the viscosity of the mixture from a syrup-lii<^e

consistency (low viscosity) into a dough-like consistency (high viscosity).

Ultimately, further polymerization and curing occur, causing the cement to

20 harden and affix a prosthesis to a bone.

[00365] In certain aspects of the invention, as shown in Fig. 7e, above,

bone cement 755 or another liquid attachment material such as injectable

calciumhydroxyapatite can be injected into the marrow cavity through one or

more openings 750 in the prosthesis. These openings in the prosthesis can

25 extend from the articular surface to the undersuri'ace of the prosthesis 760.
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After injection, the openings can be closed with a polymer, silicon, metal,

metal alloy or bioresorbable plug.

[00366] In another embodiment, one or more components of the

articular surface repair {e.g., the surface of the system that is pointing towards

5 the underlying bone or bone man^w) can be porous or porous coated. A
variety of different porous metal coatings have been proposed for enhancing

fixation of a metallic prosthesis by bone tissue in-growth. Thus, for example,

U.S. Pat. No. 3,855,638 to Pilliar issued December 24, 2974, discloses a

surgical prosthetic device, which can be used as a bone prosthesis,

10 comprising a composite structure consisting of a solid metallic material

substrate and a porous coaling of the same solid metallic material adhered to

and extending over at least a portion of the surface of the substrate. The

porous coating consists of a plurality of small discrete particles of metallic

material bonded together at their points of contact with each other to define a

15 plurality of connected interstitial pores in the coating. The size and spacing of

the particles, which can be distributed in a plurality of monolayers, can be

such that the average interstitia! pore size is not more than about 200

microns. Additionally, the pore size distribution can be substantially uniform

from the substrate-coating interface to the suriace of the coating. In another

20 embodi ment, the articular surface repair system can contain one or more

polymeric materials that can be loaded with and release therapeutic agents

including drugs or other phannacological treatments that can be used for drug

delivery. The polymeric materials can, for example, be placed inside areas of

porous coating. The polymeric materials can be used to release therapeutic

25 drugs, e.g. bone or cartilage growth stimulating drugs. This embodiment can

be combined with other embodiments, wherein portions ofthe articular

130



wo 2007/092841 PCT/US2007/061681

surface repair system can be bioresorbable. For example, the first layer of an

articular surface repair system or port'ons of its first layer can be

bioresorbable. As the first layer gets increasingly resorbed, local release of a

cartilage growth-stimulating drug can facilitate in-growth of cartilage cells and

5 matrix formation.

[00367] In any of the methods or composilions described herein, the

articular surface repair system can be pre-manufactured with a range of

sizes, curvatures and thicknesses. Alternatively, the articular surface repair

system can be custom-made for an individual patient.

10 IV. Manufacturing

A. Shaping

[00368] In certain instances shaping of the repair material will be

required before or after formation (e.g., growth to desired thickness), for

example where the thickness of the required cartilage material is not uniform

15 (e.g., where different sections of the cartilage replacement or regenerating

material require different thicknesses).

[00369] The replacement material can be shaped by any suitable

technique including, but not limited to, mechanical abrasion, laser abrasion or

ablation, radiofrequency treatment, cryoablafon, variations In exposure time

20 and concentration of nutrients, enzymes or growth factors and any other

means suitable for influencing or changing cartilage thickness. See, e.g.,

WO 00/15153 to Mansmann published March 23, 2000; If enzymatic digestion

is used, certain sections of the cartilage replacement or regenerating material

can be exposed to higher doses of the enzyme or can be exposed longer as a
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means of achieving different thicknesses and curvatures of the cartilage

replacement or regenerating material in different sections of said material.

[00370] The material can be shaped manually and/or automatically, for

example using a device into which a pre-selected th!cl<ness and/or curvature .

5 has been input and then programming the device using the input information

to achieve the desired shape.

[00371] In addition to, or instead of, shaping the cartilage repair

material, the site of implantation (e.g., bone surface, any cartilage material

remaining, etc.) can also be shaped by any suitable technique in order to

1 0 enhance integration of the repair material.

B. Sizing

[00372] The articular repair system can be formed or selected so that it

will achieve a near anatomic fit or match with the sun-ounding or adjacent

cartilage or subchondral bone or menisd and other tissue. The shape of the

15 repair system can be based on the analysis of an electronic image (e.g. MRI,

CT, digital tomosynthesis, optica! coherence tomography or the like). If the

articular repair system is intended to replace an area of diseased cartilage or

lost cartilage, the near anatomic fit can be achieved using a method that

provides a virtual reconstruction of the shape of healthy cariiilage in an

20 electronic image.

[00373] In one embodiment of the invention, a near nornnal cartilage

surface at the position of the cartilage defect can be reconstructed by

interpolating the healthy cartilage surface across the cartilage defect or area

of diseased cartilage. This can, for example, be achieved by describing the

25 healthy cartilage by means of a parametric suri'ace (e.g. a B-spline suri^ace),
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for which the confrol points are placed such that the parametric surface

follows the contour of the healthy cartilage and bridges the cartilage delect or

area of diseased cartilage. The continuity properties ofthe parametric

surface will provide a smooth integration of the part that bridges the cartilage

5 defect or area of diseased cartilage with the contour of the sun^ounding

healthy cartilage. The part of the parametric surface over the area of the

cartilage defect or area of diseased cartilage can be used to determine the

shape or part of the shape of the articular repair system to match with the

surrounding cartilage.

10 [00374] In another embodiment, a near nornial cartilage surface at the

position of the cartilage defect or area of diseased cartilage can be

reconstructed using morphological image processing. In a first step, the

cartilage can be extracted from the electronic image using manual, semi-

automated and/or automated segmentation techniques {e.g., manual tracing,

15 region growing, live wire, model-based segmentation), resulting in a binary

image. Defects in the cartilage appear as indentations that can be filled with

a morphological closing operation performed in 2-D or 3-D with an

appropriately selected structuring element. The closing operation is typically

defined as a dilation followed by an erosion. A dilation operator sets the

20 current pixel in the output image to 1 if at least one pixel of the stmcturing

element lies inside a region in the source image. An erosion operator sets

the current pixel in the output image to 1 if the whole structuring element lies

inside a region in the source image. The filling of the cartilage defect or area

of diseased cartilage creates a new suri'ace over the area of the cartilage

25 defied: or area of diseased cartilage that can be used to detemiine the shape
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or part of the shape of the articular repair system to match with the

surrounding cartilage or sulDchondral bone.

[003751 As described above, the articular repair sj«1em, Including

surgical tools and instruments, molds, in sffu repair systems, etc. can be

5 fomned or selected from a library or database of systems of various sizes,

curvatures and thicknesses so that it will achieve a near anatomic fit or match

with the surrounding or adjacent cartilage and/or subchondral bone. These

systems can be pre-made or made to order for an Individual patient. In order

to control the fit or match of the articular repair system with the sumaunding or

10 adjacent cartilage or subchondral bone or menisci and other tissues

preoperatively, a soflware program can be used that projects the articular

repair system over the anatomic position where it will be implanted. Suitable

scfflwars Is commercially available and/or readily modified or designed by a

skilled programmer.

15 [003761 In yet another embodiment, the articular repair system Including

unicompartmental and total knee implants as well as hip devices can be

projected over the implantation site using one or more 2-D or 3-D images.

The cartilage and/or subchondral bone and other anatomic structures can be

optionally extracted from a 2-D or 3-D electronic Image such as an MRI or a

20 CT using manual, semi-automated and/or automated segmentation

techniques. A 2-D or 3-D representation ofthe cartilage and/or bone and

other anatomic structures as well as the articular repair system can be

generated, for example using a polygon or NURBS suriace or other

parametric surface representation. Ligaments, menisci and other articular

25 structures can be displayed in 2-D and 3-D. For a description of various

parametric suriace representations see, for example Foley, J.D. et al.,
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Computer Graphics: Principles and Practice in C; Addison-Wesley, 2""

edition, 1995).

[00377] The 2-D or 3-D representations of the cartilage and/or

subchondral bone and other anatomic structures and the articular repair

5 system can be merged into a common coordinate system. The articular

repair system, including surgical tools and Instalments, molds, in situ repair

systems, etc. can then be placed at the desired implantation site. The

representations ofthe cartilage, subchondral bone, ligaments, menisci and

other anatomic structures and the articular repair system are rendered into a

10 2-D or 3-D image, for example application programming Interfaces (APIs)

OpenGL® (standard library of advanced 3-D graphics functions developed by

SGI, Inc.; available as part of the drivers for PC-based video cards, for

example from www.nvidia.com for NVIDIA video cards or www.3dlabs.cQm for

SDIabs products, or as part of the system software for Unix workstations) or

15 DirectX® (multimedia API for Microsoft Windows® based PC systems;

available from www.microsoft comV The 2-D or 3-D Image can be rendered

or displayed showing the cartilage, subchondral bone, ligaments, menisci or

other anatomic objects, and the articular repair system from varying angles,

e.g. by rotating or moving them Interactively or non-1 nteracllvely, in real-time

20 or non-real-time.

[00378] In another embodiment, the implantation site may be visualized

using one or more cross-sectional 2-D images, as described In U.S. Ser.

10/305,652, entitled "Methods and Compositions for Articular Repair," filed

November 27, 2002, which is hereby Incorporated by reference in its entirety..

25 Typically, a series of 2-D cross-sectional images will be used. The 2-D

images can be generated with imaging tests such as CT, MRI, digital
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tomosynthesis, ultrasound, optical imaging, optical coherence tomography,

other imaging modalities using methods and tools l<nown to those of skill in

the art. The articular repair system or implant can then be superimposed onto

one or more of these 2-D images. The 2-D cross-«ectional images may be

reconstructed in other planes, e.g. fi-om sagittal to coranal, etc. Isotropic data

sets (e.g., data sets where the slice thickness is the same or nearly the same
as the in-plane resolution) or near isotropic data sets can also be used.

Multiple planes may be displayed simultaneously, for example using a split

screen display. The operator may also scroll through the 2-D images in any

desired orientation in real time or near real time; the operator can rotate the

imaged tissue volume while doing this. The articular repair system or implant

may be displayed in cross-section utilizing different display planes, e.g.

sagittal, coronal or axial, typically matching those of the 2-D images

demonstrating the cartilage, subchondral bone, ligaments, menisci or other

tissue. Alternatively, a three-dimensional display may be used for the articular

repair system. The 2-D electronic image and the 2-D or 3-D representation of

the articular repair system or implant may be merged into a common

coordinate system. The cartilage repair system or implant can then be placed

at the desired Implantation site. The series of 2-D cross-sections of the

anatomic stmctures, the implantation site and the articular repair system or

implant may be displayed interactively (e.g. the operator can scroll through a

series of slices) or non-interacfively (e.g. as an animation that moves through

the series of slices), in real-time or non-real-time.

[00379] The software can be designed so that the articular repair

system, including surgical tools and instruments, molds, in situ repair

systems, etc. with the best fit relative to the cartilage and/or subchondral bone
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is automatically selected, for example using one or more of the techniques

described above. Alternatively, the operator can select an articular repair

system, including surgical tools and instruments, molds, ui situ repair

systems, etc. and project it or drag it onto the implantation site displayed on

5 the cross-sectional 2-D or the 3-D images. The operator can then move and

rotate the articular repair system relative to the implantation site and scroll

through a cross-sectional 2-D or 3-D display of the articular repair system and

of the anatomic structures. The operator can perform a visual and/or

computer-assisted inspection of the fit between the articular repair system

1 0 and the implantation site. This can be performed for different positions of the

joint, e.g. extension, 45, 90 degrees of flexion, adduction, abduction, internal

or external rotation. The procedure can be repeated until a satisfactory fit has

been achieved. The procedure can be entirely manual by the operator; it can,

however, also be computer-assisted. For example, the software can select a

15 first trial implant that the operator can test (e.g., evaluate the fit). Software

that highlights areas of poor alignment between the implant and the

surrounding cartilage or subchondral bone or menisci or other tissues can

also be designed and used. Based on this information, the software or the

operator can select another implant and test its alignment.

20 [00380] In all of the above embodiments, the biomechanical axis and

relevant anatomical axes or planes can be displayed simultaneous with the

joint and/or articular repair device in the 2-D or 3-D display. Simultaneous

display of at least one or more biomechanical axes or anatomical axes or

planes can help improve the assessment of fit of the articular repair system.

25 Biomechanical axis or relevant anatomical axes or planes can also be

displayed for different positions of the joint.
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C. Rapid Prototyping, Other nflANUFACTURiNG Techniques

[00381] Rapid protyping is a technique for labiicating a three-

dimensional object from a computer model of the object. A special printer is

used to fabricate the prototype from a plurality of two-dimensional layers.

5 Computer software sections the rspresentations of the object into a plurality

of distinct two-dimensional layers and then a three-dimensional printer

fabricates a layer of material for each layer sectioned by the software.

Together the various fabricated layers form the desired prototype. More

information about rapid prototyping techniques is available in US Patent

10 Publication No 2002/0079601A1 to Russell et al., published June 27, 2002.

An advantage to using rapid prototyping is that it enables the use of free fomi

fabrication techniques that use toxic or potent compounds safely. These

compounds can be safely incorporated in an excipient envelope, which

reduces wori^er exposure

15 [00382] A powder piston and build bed are provided. Powder includes

any material (metal, plastic, etc.) that can be made into a powder or bonded

with a liquid. The power is rolled from a feeder source with a spreader onto a

surface of a bed. The thickness of the layer is controlled by the computer. The

print head then deposits a binder fluid onto the powder layer at a location

20 where it is desired that the powder bind. Powder is again rolled into the build

bed and the process is repeated, with the binding fluid deposition being

controlled at each layer to correspond to the three-dimensional location ofthe

device fomfiation. For a further discussion of this prpcess see, for example,

US Patent Publication No 2003/017365A1 to Monkhouse et al. published

25 September 18, 2003.
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[00383] The rapid prototyping can use the two dimensional images

obtained, as described above in Section I, to determine each of the two-

dimensional shapes far each of the layers of the prototyping machine. In this

scenario, each two dimensional image slice would correspond to a two

dimensional prototype slide. Alternatively, the three-dimensional shape of the

defect can be determined, as described above, and then broken down into

two dimensional slices for the rapid prototyping process. The advantage of

using the three-dimensional model is that the two-dimensional slices used for

the rapid prototyping machine can be along the same plane as the two-

dimensional images taken or along a different plane altogether.

[00384] Rapid prototyping can be combined or used in conjunction with

casting techniques. For example, a shell or container with inner dimensions

corresponding to an articular repair system including surgical instruments,

molds, alignment guides or surgical guides, can be made using rapid

prototyping. Plastic or wax-like materials are typically used for this purpose.

The inside of the container can subsequently be coated, for example with a

ceramic, for subsequent casting. Using this process, personalized casts can

be generated.

[0038^ Rapid prototyping can be used for producing articular repair

systems including surgical tools, molds, alignment guides, cut guides ete.

Rapid prototyping can be performed at a manufacturing laciiity. Alternatively,

it may be performed in the operating room after an intraoperative

measurement has been performed.
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[003861 Alternatively, milling techniques can be utilized for producing

articular repair systems including surgical tools, molds, alignment guides, cut

guides etc.

[00387] Altematively, laser based techniques can be utilized for

5 producing articular repair systems including surgical tools, molds, alignment

guides, cut guides etc.

V. Implantation

[00388] Following one or more manipulations {e.g., shaping, growth,

development, etc), the cartilage replacement or regenerating material can

10 then be implanted into the area of the defect Implantation can be performed

with the cartilage replacennent or regenerating material still attached to the

base material or removed from the base material. Any suitable methods and

devices can be used for implantation, for example, devices as described in

U.S. Patent Nos. 6,375,658 to Hangody et al. issued April 23, 2002;

15 6,358,253 to Torrie et al. issued March 19, 2002; 6,328,766 to Hardwick et al.

issued December 1 1 , 2001 ; and International PublicationWO 01/1 9254 to

Cummings et al. published March 22, 2001.

[00389] In selected cartilage defects, the implantation site can be

prepared with a single cut across the articular surface, for example, as shown

20 in Fig. 8. In this case, single 810 and multi-component 820 prostheses can be

utilized.
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A. THEJoint Replacement Procedure

i. Knee Joint

[00390] Performing a total knee arthroplasty is a complicated procedure.

In replacing the knee with an artificial knee, it is important to get the

5 anatomical and mechanical axes of the lower extremity aligned correctly to

ensure optimal functioning of the implanted knee.

[00391] As shown in Fig. 21a, the center of the hip 1902 (located at the

head 1930 of the femur 1932). the center of the knee 1904 (located at the

notch where the intercondular tubercle 1934 of the tibia 1936 meet the femur)

10 and ankle 1906 lie approximately in a straight line 1910 which defines the

mechanical axis of the lower extremity. The anatonrac axis 1920 aligns 5-7°

offset B from the mechanical axis in the valgus, or outward, direction.

[00392] The long axis of the tibia 1936 is collinear with the mechanical

axis of the lower extremity 1910. From a three-dimensional perspective, the

15 lower extremity of the body ideally functions within a single plane known as

the median anterior-posterior plane (MAP-plane) throughout the flexion-

extension arc. In order to accomplish this, the femoral head 1930, the

mechanical axis of the femur, the patellar groove, the intercondylar notch, the

patellar articular crest, the tibia and the ankle remain within the MAP-plane

20 during the flexion-extension movement. During movement, the tibia rotates as

the knee flexes and extends in the epicondylar axis which is perpendicular to

the MAP-plane.

[00393] A variety of image slices can be taken at each individual joint,

6.g., the knee joint 19S0-19S0„. and the hip joint 1952-1950.^ These image
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slices can be used as described above in Section I along with an image of the

full leg to ascertain the axis.

[00394] With disease and malfunction of the knee, alignment of the

anatomic axis is altered. Performing a total knee arthroplasty is one solution

5 for correcting a diseased knee. Implanting a total knee joint, such as the PFC

Sigma RP Knee System by Johnson & Johnson, requires that a series of

resections be made to the surfaces forming the knee joint in order to facilitate

installation of the artificial knee. The resections should be made to enable the

installed artificial knee to achieve flexion-extension movement within the

1 0 MAP-plane and to optimize the patients anatomical and mechanical axis of

the lower extremity.

[00395] First, the tibia f930 is resected to create a flat surface to accept

the tibial component of the implant. In most cases, the tibial suriace is

resected perpendicular to the long axis of the tibia in the coronal plane, but is

15 typically sloped 4-7° posteriorly in the sagittal plane to match the normal slope

of the tibia. As will be appreciated by those of skill in the art, the sagittal slope

can be 0° where the device to be implanted does not require a sloped tibial

cut. The resection line 1958 is perpendicular to the mechanical axis 1910, but

the angle between the resection line and the surface plane of the

20 plateau 1960 varies depending on the amount of damage to the knee.

[00396] Figs. 21b-d illustrate an anterior view of a resection of an

anatomically normal tibial component, a tibial component In a varus knee, and

a tibial component in a valgus knee, respectively. In each figure, the

mechanical axis 1910 extends vertically through the bone and the resection

25 line 1958 is perpendicular to the mechanical axis 1910 in the coronal plane,
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varying from the surface line formed by the joint depending on the amount of

damage to the joint. Fig. 21 b illustrates a nomrial knee wherein the line

corresponding to the surface of the joint ^960 is parallel to the resection

line Fig. 21c illustrates a varus knee wherein the line corresponding to

5 the surface of the joint f960 is not parallel to the resection line 1958. Fi6. 21

D

illustrates a valgus knee wherein the line con^sponding to the surfece of the

joint 1960 is not parallel to the resection line 1958.

[00397] Once the tibial surface has been prepared, the surgeon turns to

preparing the femoral condyle.

10 [00398] The plateau ofthe femur 1970 is resected to provide flat

surfaces that communicate with the interior ofthe femoral prosthesis. The

cuts made to the femur are based on the overall height of the gap to be

created between the tibia and the femur. Typically, a 20 mm gap is desirable

to provide the implanted prosthesis adequate room to achieve full range of

15 motion. The bone is resected at a 5-7° angle valgus to the mechanical axis of

the femur. Resected surface f972 forms a flat plane with an angular

relationship to adjoining surfaces 1974, 1976. The angle $', 0" between the

surfaces 1972-1974. and 1972-1976 varies accorcling to the design ofthe

implant.

20 ii. Hip Joint

[00399] As illustrated in Fig. 21 F,the external geometry of the proximal

femur includes the head 1980, the neck 1982, the lesser trochanter 1984, the

greater trochanter 1986 and the proximal femoral diaphysis. The relative

positions of the trochanters 1984, 1986, the femoral head center 1902 and

25 the femoral shaft 1988 are con^elated with the inclination of the neck-shaft
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angle. The mechanical axis 1910 and anatomic axis 1920 are also shown.

Assessment of these relationships can change the reaming direction to

achieve neutral alignment of the prosthesis with the femoral canal.

[00400] Using anteroposterior and lateral radiographs, measurements

5 are made of the proximal and distal geometry to detemnine the size and

optimal design of the implant.

[00401] Typically, after obtaining surgical access to the hip joint, the

femoral neck 1982 is resected, e.g. along the line 1990. Once the neck is

resected, the medullary canal is reamed. Reaming can be accomplished, for

1 0 example, with a conical or straight reamer, or a flexible reamer. The depth of

reaming is dictated by the specific design of the implant. Once the canal has

been reamed, the proximal reamer is prepared by serial rasping, with the rasp

directed down into the canal.

B. Surgical Tools

15 [00402] Further, surgical assistance can be provided by using a device

applied to the outer surface of the articular cartilage or the bone, including the

subchondral bone, in order to match the alignment of the articular repair

system and the recipient site or the joint. The device can be round, circular,

oval, ellipsoid, curved or irregular in shape. The shape can be selected or

20 adjusted to match or enclose an area of diseased cartilage or an area slightly

larger than the area of diseased cartilage or substantially larger than the

diseased cartilage. The area can encompass the entire articular suri^ace or

the weight bearing surface. Such devices are typically preferred when

replacement of a majority or an entire articular surface is contemplated.
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[00403] Mechanical devices can be used for surgical assistance (e.g.,

surgical tools), for example using gels, molds, plastics or metal. One or more

electronic images or intraoperative measurements can be obtained providing

object coordinates that define the art'cular and/or bone surface and shape.

5 These objects' coordinates can be utilized to either shape the device, e.g.

using a CAD/CAM technique, to be adapted to a patients articular anatomy

or, alternatively, to select a typically pre-made device that has a good lit with

a patent's articular anatomy. The device can have a surface and shape that

will match all or portions of the articular cartilage, subchondral bone and/or

10 other bone surface and shape, e.g. similar to a "mirror image." The device

can include, without limitation, one or more cut planes, apertures, slots and/or

holes to accomnradate surgical instruments such as drills, reamers, curettes,

k-wires, screvre and sav\«.

[00404] The device may have a single component or multiple

15 components. The components may be attached to the unoperated and

operated portions of the intra- or extra-articular anatomy. For example, one

component may be attached to the femoral neck, while another component

may be in contact with the greater or lesser trochanter. Typically, the different

components can be used to assist with different parts of the surgical

20 procedure. When multiple components are used, one or more components

may also be attached to a different component rather than the articular

cartilage, subchondral bone or other areas of osseous or non-osseous

anatomy. For example, a tibial mold may be attached to a femoral mold and

tibial cuts can be performed in reference to femoral cuts.

25 [00405] Components may also be designed to fit to the joint after an

operative step has been peribrmed. For example, in a knee, one component
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may be designed to fit all or portions of a distal femur before any cuts have

been made, while another component may be designed to fit on a cut that has

been made with the previously used mold or component. In a hip, one

component may be used to perform an initial cut, for example through the

5 femora! neck, while another subsequently used component may be designed

to fit on the femoral neck after the cut, for example covering the area of the

cut with a centra! opening for insertion of a reamer. Using this approach,

subsequent surgical steps may also be performed with high accuracy, e.g.

reaming of the man^w cavity.

1 0 [00406] In another embodiment, a guide may be attached to a mold to

control the direction and orientation of surgical instruments. For example,

after the femoral neck has been cut, a mold may be attached to the area of

the cut, whereby it fits portions or all of the exposed bone surface. The mold

may have an opening adapted for a reamer. Before the reamer is introduced

15 a femoral reamer guide may be inserted into the mold and advanced into the

marrow cavity. The position and orientation of the reamer guide may be

detemnined by the femoral mold. The reamer can then be advanced over the

reamer guide and the marrow cavity can be reamed with improved accuracy.

Similar approaches are feasible in the knee and other joints.

20 [00407] All mold components may be disposable. Alternatively, some

molds components may be re-usable. Typically, mold components applied

after a surgical step such as a cut as been performed can be reuseable, since

a reproducible anatomic interlace will have been established.

[00408] Interconnecting or bridging components may be used. For

25 example, such interconnecting or bridging components may couple the mold
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attached to the joint with a standard, preferably unmodified or only minimally

modified cut block used during knee or hip surgery. Interconnecting or briding

components may be made of plastic or metal. When made of metal or other

harti material, they can help protect the joint fr-om plastic debris, for example

5 when a reamer or saw would olhenvlse get into contact with the mold.

[00409] The accuracy of the attachment between the component or

mold and the cartilage or subchondral bone or other osseous structures is

typically better than 2mm, more preferred better than 1mm, more prefen-ed

better than 0.7mm, more preferred better than 0.5mm, or even more preferred

10 better than 0.5mm. The accuracy ofthe attachment between different

components or between one or more molds and one or more surgical

instruments is typically better than 2mm, more preferred better than 1mm,

more prefen^ better than 0.7mm, more preferred better than 0.5mm, or even

more preferred better than 0.5mm.

15 [0041 0] The angular eaor of any attachments or between any

components or between components, molds, instalments and/or the anatomic

or biomechanical axes is preferably less than 2 degrees, more preferably less

than 1.5 degrees, more preferably less than 1 degree, and even more

preferably less than 0.5 degrees. The total angular error is preferably less

20 than 2 degrees, more preferably less than 1 .5 degrees, more preferably less

than 1 degree, and even more preferably less than 0.5 degrees.

[0041 1] Typically, a position will be chosen that will result in an

anatomically desirable cut plane, drill hole, or general instrument orientation

for subsequent placement of an articular repair system or for facilitating

25 placement of the articular repair system. Moreover, the device can be
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designed so that the depth of the drill, reamer or other surgical instrument can

be controlled, e.g., the drill cannot go any deeper into the tissue than defined

by the device, and the size of the hole in the block can be designed to

essentially match the size of the implant. Information about other joints or axis

5 and alignment information of a joint or extremity can be included when

selecting the position of these slots or holes. Altemat vely, the openings in the

device can be nriade larger than needed to accommodate these instruments.

The device can also be configured to conform to the articular shape. The

apertures, or openings, provided can be wide enough to allow for varying the

10 position or angle of the surgical instrument, e.g., reamers, saws, drills,

curettes and other surgical instruments. An instrument guide, typically

comprised of a relatively hard material, can then be applied to the device. The

device helps orient the instrument guide relative to the three-dimensional

anatomyof the joint.

15 [0041 2] The mold may contact the entire articular surface. In various

embodiments, the mold can be in contact with only a portion of the articular

surface. Thus, the mold can be in contact, without limitation, with: 100% of the

articular surface; 80% of the articular suri'ace; 50% of the ari:icular surface;

30% of the articular surface; 30% of the articular suri'ace; 20% of the articular

20 surface; or10% or less of the articular surface. An advantage of a smaller

surface contact area is a reduction in size of the mold thereby enabling cost

efficient manufacturing and, more important, minimally invasive surgical

techniques. The size of the mold and its surface contact areas have to be

sufficient, however, to ensure accurate placement so that subsequent drilling

25 and cutting can be perfbmried with sufficient accuracy.
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[00413] In various embodiments, the maximum diameter of the mold is

less than 10cm. In other embodiments, the maximum diameter ofthe mold

may be less than: 8cm; 5cm; 4cm; 3cm; or even less than 2cm.

[0041 4] The mold may be in contact with Ihree or more surface points

5 rather than an entire surface. These surface poi nts may be on the articular

surface or external to the articular surface. By using contact points rather than

an entire surface or portions of the surface, the size of the mold may be

reduced.

[0041 5| Reductions in the size of the mold can be used to enable

10 minimally invasive surgery (MIS) in the hip, the knee, the shoulder and other

joints. MIS technique with small molds will help to reduce intraoperative blood

loss, preserve tissue including possibly bone, enable muscle sparing

techniques and reduce postoperative pain and enable fester recovery. Thus,

in one embodiment ofthe invention the mold is used in conjunction with a

15 muscle sparing technique. In another embodiment of the Invention, the mold

may be used with a bone sparing technique. In another embodiment of the

invention, the mold is shaped to enable MIS technique with an incision size of

less than 15cm, or, more prefered, less than 13cm, or, more prefer-ed, less

than 10cm, or, more prefen-ed, less than 8cm, or. more prefened, less than

20 6cm.

[0041 6] The mold may be placed in contact with points or surfaces

outside of the articular surface. For example, the mold can rest on bone in

the intercondylar notch or the anterior or other aspects of the tibia or the

acetabular rim or the lesser or greater trochanter. Optionally, the mold may

25 only rest on points or surfaces tiiat are extemal to tiie articular surface.
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Furthermore, the mold may rest on points or surfaces within the weight-

bearing surface, or on points or surfaces external to the weight-bearing

surfiace.

[0041 7] The mold may be designed to rest on bone or cartilage outside

the area to be worked on, e.g. cut, drilled etc. In this manner, multiple surgical

steps can be perfonned using the same mold. For example, in the knee, the

mold may be stabilized against portions of the intercondylar notch, which can

be selected external to areas to be removed for total knee arthroplasty or

other procedures. In the hip, the mold may be attached external to the

acetabular fossa, providing a reproducible reference that is maintained during

a procedure, for example total hip arthroplasty. The mold may be affixed to

the underlying bone, for example with pins or drills etc.

[004ia| In additional embodiments, the mold may rest on the articular

cartilage. The mold may rest on the subchondral bone or on structures

external to the articular surface that are within the joint space or on slmctures

external to the joint space. If the mold is designed to rest on the cartilage, an

imaging test demonstrating the articular cartilage can be used in one

embodiment. This can, for example, include ultrasound, spiral CT
arthrography, MRI using, for example, cartilage displaying pulse sequences,

or MRI arthrography. In another embodiment, an imaging test demonstrating

the subchondral bone, e.g. CT or spiral CT, can be used and a standard

cartilage thickness can be added to the scan. The standard cartilage

thickness can be derived, for example, using an anatomic reference

database, age, gender, and race matching, age adjustments and any method

known in the art or developed in the future for deriving estimates of cartilage

thickness. The standard cartilage thickness may, in some embodiments, be
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uniform across one or more articular surfaces or it can change across the

articular surface.

[0041 9] The moid may be adapted to rest substantially on subchorKlral

bone. In tliis case, residual cartilage can create some offset and inaccurate

5 result with resultant inaccuracy in surgical cuts, drilling and the like. In one

embodiment, the residual cartilage is removed in a first step in areas where

the mold is designed to contact the bone and the subchondral bone is

exposed. In a second step, the mold is then placed on the subchondral bone.

[00420] With advanced osteoarthritis, significant articular deformity can

10 result. The articular surfaoe(s) can become flattened. There can be cyst

fomnation or osteophyte formation. 'Tram track" like stmctures can fbnn on

the arUcular surface. In one embodiment of the invention, osteophytes or

other defonmities may be removed by the computer software prior to

generation of the mold. The soflware can automatically, seml-automatically

15 or manually with input from the user simulate surgical removal of the

osteophytes or other deformities, and predict the resulting shape of the joint

and the associated surfaces. The mold can then be designed based on the

predicted shape. Intraoperatively, these osteophytes or other defomiities can

then also optionally be removed prior to placing the mold and performing the

20 procedure. Altematively, the mold can be designed to avoid such defomiities.

For example, the mold may only be in contact with points on the articular

surface or external to the articular surface that are not affected or involved by

osteophytes. The mold can rest on the articular surface or external to the

articular surface on three or more points or small surlaces with the body of

25 the mold elevated or detached from the articular surface so that the accuracy

of its position cannot be affected by osteophytes or other articular deformities.
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The mold can rest on one or more tibial spines or portions of the tibial spines.

Alternafvely, all or portions of the mold may be designed to rest on

osteophytes or other excrescences or pathological changes.

[00421] The surgeon can, optionally, make fine adjustments between

5 the alignment device and the instrument guide. In this manner, an optimal

compromise can be found, for example, between biomechanical alignment

and joint laxity or biomechanical alignment and joint function, e.g. in a knee

joint flexion gap and extension gap. By oversizing the openings in the

alignment guide, the surgeon can utilize the instruments and insert them in

10 the instrument guide without damaging the alignment guide. Thus, in

particular if the alignment guide Is made of plastic, debris will not be

introduced into the joint. The position and orientation between the alignment

guide and the instrument guide can be also be optimized with the use of, for

example, interposed spacers, wedges, screws and other mechanical or

15 electrical methods known in the art.

[00422] A surgeon may desire to influence joint laxity as well as joint

alignment. This can be optimized for different flexion and extension,

abduction, or adduction, internal and external rotation angles. For this

purpose, for example, spacers can be introduced that are attached or that are

20 in contact with one or more molds. The surgeon can intraoperatively evaluate

the laxity or tightness of a joint using spacers with diflierent thickness or one

or more spacers with the same thickness. For example, spacers can be

applied in a knee joint in the presence of one or more molds and the flexion

gap can be evaluated with the knee joint in flexion. The knee joint can then

25 be extended and the extension gap can be evaluated. Ultimately, the

surgeon will select an optimal combination of spacers for a given joint and
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mold. A surgical cut guide can be applied to the mold with the spacers

optionally interposed between the mold and the cut guide. In this manner, the

exact position of the surgical cuts can be influenced and can be adjusted to

achieve an optimal result. Thus, the position of a mold can be opiimized

5 relative to the joint, bone or cartilage for soft-llssue tension, ligament

balancing or for flexion, extension, rotation, abduction, adduction,

anteversion, retroversion and other joint or bone positions and motion. The

position of a cut block or other surgical instrument may be optimized relative

to the mold for soft-tissue tension or for ligament balancing or for flexion,

10 extension, rotation, abduction, adduction, anteversion, retroversion and other

joint or bone positions and motion. Both the position of the mold and the

position of other components including cut blocks and surgical instruments

may be optimized for soft-tissue tension or for ligament balandng or for

flexion, extension, rotation, abduction, adduction, anteversion, retroversion

1 5 and other joint or bone positions and motion.

[004231 Someone skilled in the art will recognize other means for

optimizing the position of the surgical cuts or other interventions. As stated

above, expandable or ratchet-like devices may be utilized that can be inserted

into the joint or that can be attached or that can touch the mold (see also Fig.

20 37D). Such devices can extend from a cutting block or other devices attached

to the mold, optimizing the position of drill holes or cuts for different joint

positions or they can be integrated inside the mold. Integration in the cutting

block or other devices attached to the mold is preferable, since the

expandable or ratchet-like mechanisms can be sterilized and re-used during

25 other surgeries, for example in other patients. Optionally, the expandable or

ratchet-like devices may be disposable. The expandable or ratchet like
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devices may extend to the joint witliout engaging or contacting tiie moid;

alternatively, these devices may engage or contact the mold. Hinge-lilte

mechanisms are applicable. Similarly, jack-lil^e mechanisms are useful. In

principal, any mechanical or electrical device useHil for fine-tuning the

5 position of the cut guide relative to the molds may be used. These

embodiments are helpful for soft-tissue tension optimization and ligament

balancing in different joints for different static positions and during joint

motion.

[00424] A surgeon may desire to influence joint laxity as well as joint

10 alignment. This can be optimized for diffierent flexion and extension,

abduction, or adduction, internal and external rotation angles. For this

purpose, for example, spacers or expandable or ratchet-like can be utilized

that can be attached or that can be in contact with one or more molds. The

surgeon can intraoperatively evaluate the laxity or tightness of a joint using

1 5 spacers with different thickness or one or more spacers witii the same

thickness or using such expandable or ratchet like devices. For example,

spacers or a ratchet like device can be applied in a knee joint in the presence

of one or more molds and the flexion gap can be evaluated with the knee joint

in flexion. The knee joint can then be extended and the extension gap can be

20 evaluated. Ultimately, the surgeon will select an optimal combination of

spacers or an optimal position for an expandable or ratchet-like device for a

given joint and mold. A surgical cut guide can be applied to the mold with the

spacers or the expandable or ratchet-like device optionally interposed

between the mold and the cut guide or, in select embodiments, between the

25 mold and the joint or the mold and an opposite articular surface. In this

manner, the exact position of the surgical cuts can be influenced and can be

154



wo 2007/092841 PCT/US2007/061681

adjusted to achieve an optimal result. Someone skilied in the art will

recognize other means for optimizing the position ofthe surgical cuts or drill

holes. For example, expandable or ratchet-like devices can be utilized that

can be inserted into the joint or that can be attached or that can touch the

5 mold. Hinge-like mechanisms are applicable. Similariy, jack-like mechanisms

are useilil. In principal, any mechanical or electrical device useful for fine-

tuning the position of the cut guide relative to the molds can be used.

[00425] The template and any related Instrumentation such as spacers

or ratdhets can be combined with a tensiometer to provide a better

10 intraoperative assessment of the joint. The tensiometer can be utilized to

further optimize the anatomic alignment and tightness ofthe Joint and to

improve post-operative function and outcomes. Optionally, local contact

pressures may be evaluated inti-aoperatively, for example using a sensor like

the ones manufactured by Tekscan, South Boston, Mass. The contact

15 pressures can be measured between the mold and the joint or between the

mold and any attached devices such as a surgical cut block.

[00426] The template may be a mold that can be made of a plastic or

polymer. The mold may be produced by rapid prototyping technology, in

which successive layers of plastic are laid down, as know in the art. In other

20 embodiments, the template or portions of the template can be made of metal.

The mold can be milled or made using laser based manufacturing techniques.

[00427] The template may be casted using rapid prototyping and, for

example, lost wax technique. It may also be milled. For example, a prefomied

mold with a generic shape can be used at the outset, which can then be

25 milled to the patient specific dimensions. The milling may only occur on one
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surface ofthe mold, preferably the surfece that faces the articular surface.

Milling and rapid prototyping techniques may be combined.

[00428] Curable materials may be used which can be poured into forms

that are, for example, generated using rapid prototyping. For example, liquid

5 metal may be used. Cured materials may optionally be milled or the surface

can be further refined using other techniques.

[00429] Metal inserts may be applied to plastic components. For

example, a plastic mold may have at least one guide aperture to accept a

reaming device or a saw. A metal insert may be used to provide a hard wall to

10 accept the reamer or saw. Using this or similar designs can be useful to avoid

the accumulation of plastic or other debris in the joint when the saw or other

surgical instalments may get in contact with the mold. Other hard materials

can be used to serve as inserts. These can also include, for example, hard

plastics or ceramics.

15 [00430] In another embodiment, the mold does not have metallic inserts

to accept a reaming device or saw. The metal inserts or guides may be part of

an attached device, that is typically in contact with the mold. A metallic drill

guide or a metallic saw guide may thus, for example, have metallic or hard

extenders that reach through the mold thereby, for example, also stabilizing

20 any devices applied to the mold against the physical body of the mold.

[00431] The template may not only be used for assisting the surgical

technique and guiding the placement and direction of surgical instruments. In

addition, the templates can be utilized for guiding the placement of the

implant or implant components. For example, in the hip joint, tilting of the

25 acetabular component is a frequent problem with total hip arthroplasty. A
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template can be applied to the acetabular wall with an opening in the center

large enough to accommodate the acetabular component that the suigeon

intends to place. The template can have receptacles or notches that match

the shape of small extensions that can be part of the implant or that can be

5 applied to the implant. For example, the implant can have small members or

extensions applied to the twelve o'clock and six o'clock positions. See, for

example, FIG. 9A-D, discussed below. By aligning these members with

notches or receptacles in the mold, the surgeon can ensure that the implant is

inserted without tilting or rotation. These notches or receptacles can also be

10 helpful to hold the implant in place while bone cement is hardening in

cemented designs.

[00432] One or more templates can be used during the surgery. For

example, in the hip, a template can be initially applied to the proximal femur

that closely approximates the 3D anatomy prior to the resection of the femoral

1 5 head. The template can include an opening to accommodate a saw (see

FIGS. 8-9). The opening is positioned to achieve an optimally placed surgical

cut for subsequent reaming and placement of the prosthesis. A second

template can then be applied to the proximal femur after the sungical cut has

been made. The second template can be useful for guiding the direction of a

20 reamer prior to placement of the prosthesis. As can be seen in this, as well as

in other examples, templates can be made for joints prior to any surgical

intervention. However, it is also possible to make templates that are designed

to fit to a bone or portions of a joint after the surgeon has already performed

selected surgical procedures, such as cutting, reaming, drilling, etc. The

25 template can account for the shape ofthe bone or the joint resulting from

these procedures.
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[00433] In certain errbodiments, the surgical assistance device

comprises an array of adjustable, closely spaced pins {e.g., plurality of

individually moveable mechanical elements). One or more electronic images

or intraoperative measurements can be obtained providing object coordinates

5 that define the articular and/or bone surface and shape. These objects'

coordinates can be entered or transferred into the device, for example

manually or electronically, and the Information can be used to create a

surface and shape that will match all or portions of the articular and/or bone

surface and shape by moving one or more of the elements, e.g. similar to an

10 "image." The device can include slots and holes to accommodate surgical

instmments such as drills, curettes, k-wires, screws and saws. The position of

these slots and holes may be adjusted by moving one or more of the

mechanical elements. Typically, a position will be chosen that will result in an

anatomically desirable cut plane, reaming direction, or drill hole or instrument

15 orientation for subsequent placement of an articular repair system or for

facilitating the placement of an articular repair system.

[00434] Information about other joints or axis and alignment information

of a joint or extremity can be included when selecting the position of the,

without limitation, cut planes, apertures, slots or holes on the template, in

20 accordance with an embodiment of the invention. The biomechanical and/or

anatomic axes may be derived using above-described imaging techniques

including, without limitation, a standard radiograph, including a load bearing

radiograph, for example an upright knee x-ray or a whole leg length film (e.g.,

hip to foot) These radiographs may be acquired in different projections, for

25 example anteroposterior, posteroanterior, lateral, oblique etc. The

biomechanical and anatomic axes may also be derived using other imaging
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modalities sucli as CT scan or MRI scan, a CT scout scan or MRI localized

scans through portions or all of the extremity, either alone or in combination,

as described in above embodiments. For «<ample, when total or partial knee

arthroplasty is contemplated, a spiral CT scan may be obtained through the

5 knee joi nt. The spiral CT scan through the knee joint serves as the basis tor

generating the negative contour template(s)/mold(s) that will be affixed to

portions or all of the knee joint. Additional CT or MRI scans may be obtained

through the hip and ankle joint. Th^e may be used to define the centroids or

centerpoints in each joint or other anatomic landmarks, for example, and then

10 to derive the biomechanicai and other axes.

[00435] In another embodiment, the biomechanicai axis may be

established using non-image based approaches including traditional surgical

instmments and measurement tools such as intramedullary rods, alignment

guides and also surgical navigation. For example, in a knee joint, optical or

15 radiofrequency markers can be attached to the extremity. The lower limb may

then be rotated around the hip joint and the position of the markers can be

recorded for different limb positions. The center of the rotation will determine

the center of the femoral head. Similar reference points may be determined

in the ankle joint etc. The position of the templates or, more typically, the

20 position of surgical instruments relative to the templates may then be

optimized for a given biomechanicai load pattern, for example in varus or

valgus alignment. Thus, by perlbrming these measurements pre- or

intraoperatively, the position of the surgical instruments may be optimized

relative to the molds and the cuts can be placed to correct underiying axis

25 errors such as varus or valgus malalignment or ante- or retroversion.
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[004361 Upon imaging, a physical template of a joint, such as a l^nee

joint, or hip joint, or ankle joint or shoulder joint is generated, in accordance

with an embodiment of the invenrtion. The template can be used to perform

image guided surgical procedures such as partial or complete joint

5 replacement, articular resurfacing, or ligament repair. The template may

include reference points or opening or apertures for surgical instalments such

as drills, saws, burrs and the like.

[00437] In order to derive the prefened orientation of drill holes, cut

planes, saw planes and the like, openings or receptacles in said template or

10 attachments will be adjusted to account for at least one axis. The axis can be

anatomic or biomechanical, for example, for a knee joint, a hip joint, an ankle

joint, a shoulder joint or an elbow joint.

[00438] In one embodiment, only a single axis is used for placing and

optimizing such drill holes, saw planes, cut planes, and or other surgical

15 interventions. This axis may be, for example, an anatomical or biomechanical

axis. In a prefen-ed embodiment, a combination of axis and/or planes can be

used for optimizing the placement of the drill holes, saw planes, cut planes or

other surgical interventions. For example, two axes (e.g., one anatomical and

one biomechanical) can be factored into the position, shape or orientation of

20 the 3D guided template and related attachments or linkages. For example,

two axes, (e.g., one anatomical and biomechanical) and one plane (e.g., the

top plane defined by the tibial plateau), can be used. Alternatively, two or

more planes can be used (e.g., a coronal and a sagittal plane), as defined by

the image or by the patients anatomy.
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[00439] Angle and distance measurements and surface topography

measurements may be performed in these one or more, preferably two or

more, preferably three or more multiple planes, as necessary. These angle

measurements can, for example, yield information on varus or valgus

5 defomiity, flexion or extension defidt, hyper or hypo-flexion or hyper- or

hypo-extension, abduction, adduction, internal or external rotation deficit, or

hyper-or hypo-abduction, hyper- or hypo-adduction, hyper- or hypo- intemal

or external rotation.

[00440] Single or multi-axis line or plane measurements can then be

10 utilized to determine prefen^ed angles of correction, e.g., by adjusting surgical

cut or saw planes or other surgical interventions. Typically, two axis

conections will be prefered over a single axis correction, a two plane

correction will be preferred over a single plane correction and so forth.

[00441] In accordance with another embodiment of the invention, more

15 than one drilling, cut, boring and/or reaming or other surgical inten^ent'on is

performed for a particular treatment such as the placement of a joint

resurfacing or replacing implant, or components thereof. These two or more

surgical interventions (e.g., drilling, cutting, reaming, sawing) are made in

relationship to a biomechanical axis, and/or an anatomical axis and/or an

20 implant axis. The 3D guidance template or attachments or linkages thereto

include two or more openings, guides, apertures or reference planes to make

at least two or more drillings, reamings, borings, sawings or cuts in

relationship to a biomechanical axis, an anatomical axis, an implant axis or

other axis derived thereftxim or related thereto.
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[00442] While in simple emixjdiments it Is possible that only a single cut

or drilling will be made in relationship to a biomechanical axis, an anatomical

axis, an implant axis and/or an axis related thereto, in most meaningful

implementations, two or more drillings, borings .reamings, cutting and/or

5 sawings will be perfomied or combinations thereof In relationship to a

biomechanical, anatomical and/or implant axis.

[00443] For example, an initial cut may be placed in relationship to a

biomechanical axis of pari:icular joint. A subsequent drilling, cut or other

intervention can be performed in relation to an anatomical axis. Both can be

1 0 designed to achieve a con-ecton in a biomechanical axis and/or anatomical

axis. In another example, an initial cut can be performed in relationship to a

biomechanical axis, while a subsequent cut is performed in relationship to an

implant axis or an implant plane. Any combination in surgical interventions

and in relating them to any combination of biomechanical, anatomical, implant

5 axis or planes related thereto is possible. In many embodiments of the

invention, it is desirable that a single cut or drilling be made in relationship to

a biomechanical or anatomical axis. Subsequent cuts or drillings or other

surgical interventions can then be made in reference to said first intervention.

These subsequent interventions can be perfonned directly off the same 3D

0 guidance template or they can be perfonned by attaching surgical instruments

or linicages or reference frames or secondary or other templates to the first

template or the cut plane or hole and tiie like created with the first template.

[00444] Fig. 22 shows an example of a surgical tool 41 0 having one

surface 400 matching the geometry of an articular suriiace of the joint. Also

5 shown is an aperture 415 in the tool 410 capable of controlling drill depth and
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Width Of the hole and allowing implantation or insertion of implant 420 having

a press-fit design.

[004451 In another embodiment, a frame can be applied to the bone or

the cartilage in areas other than the diseased bone or cartilage. The ft^me

5 can include holders and guides for surgical instruments. The frame can be

attached to one or preferably more previously defined anatomic reference

points. Alternatively, the position of the frame can be cross-registered relative

to one, or more, anatomic landmarks, using an imaging test or intraoperative

measurement, for example one or more fluoroscopic images acquired

10 inlraoperatively. One or more electronic images or intraoperative

measurements including using mechanical devices can be obtained providing

object coordinates that define the artcular and/or bone surface and shape.

These objects' coordinates can be entered or transfen-ed into the device, for

example manually or electronically, and the information can be used to move

15 one or more of the holders or guides for surgical instruments. Typically, a

position will be chosen that will result in a surgically or anatomically desirable

cut plane or drill hole orientation for subsequent placement of an articular

repair system. Information about other joints or axis and alignment

information of a joint or extremity can be included when selecting the position

20 of these slots or holes.

[00446] Furthermore, re-useabie tools (e.g., molds) can be also be

created and employed. Non-limiting examples of re-useable materials include

putties and other deformable materials (ag., an amay of adjustable closely

spaced pins that can be configured to match the topography of a joint

25 surface). In other embodiments, the molds may be made using balloons.

The balloons can optionally be filled with a hardening material. A surlace can
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be created or can be incorporated in the balloon that allows for plaoement of

a surgical cut guide, reaming guide, drill guide or placement of other surgical

tools. The balloon or other defomiable material can be shaped

intraoperatively to confomn to at least one articular surface. Other surfaces

5 can be shaped in order to be parallel or perpendicular to anatomic or

biomechanical axes. The anatomic or biomechanical axes can be found using

an intraoperative imaging test or surgical tools commonly used for this

purpose in hip, knee or other arthroplasties.

[00447] In various embodiments, the template may include a reference

10 element, such as a pin, that upon positioning ofthe template on the articular

surface, establishes a reference plane relative to a biomechanical axis or an

anatomical axis or plane of a limb. For example, in a knee surgery the

reference element may establish a reference plane from the center of the hip

to the center of the ankle. In other embodi ments, the reference element may

15 establish an axis that subsequently be used a surgical tool to correct an axis

deformity.

[00448] In these embodiments, the template can be created directly

from the joint during surgery or, alternatively, created fmm an image of the

joint, for example, using one or more computer programs to determine object

20 coordinates defining the surface contour of the joint and transferring {e.g.,

dialing-in) these co-ordinates to the tool. Subsequently, the tool can be

aligned accurately over the joint and, accordingly, the surgical instmment

guide or the implant will be more accurately placed in or over the articular

surface.
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[00449] In both single-use and re-useable embodiments, the tool can be

designed so that the instrument controls the depth and/or direction of the drill,

i.e., the drill cannot go any deeper into the tissue than the instrument allows,

and the size of the hole or aperture in the instrument can be designed to

5 essentially match the size of the implant. The tool can be used for general

prosthesis implantation, including, but not limited to, the articular repair

implants described herein and for reaming the manxiw in the case of a total

arthroplasty.

[00450] These surgical tools (devices) can also be used to remove an

10 area of diseased cartilage and underlying bone or an area slightly larger than

the diseased cartilage and underlying bone. In addition, the device can be

used on a "donor," e.g., a cadaveric specimen, to obtain implantable repair

material. The device is typically positioned in the same general anatomic

area in which the tissue was removed in the recipient. The shape of the

15 device is then used to identify a donor site providing a seamless or near

seamless match between the donor tissue sample and the recipient site. This

lean be achieved by identifying the position of the device in which the articular

surface in the donor, e.g. a cadaveric specimen, has a seamless or near

seamless contact with the inner surface when applied to tiie cartilage.

20 [00451] The device can be molded, rapid prototyped, machine and/or

fbmried based on the size of the area of diseased cartilage and based on the

curvature of the cartilage or the underlying subchondral bone or a

combination of both or using adjacent structures inside or external to the joint

space. The device can take into consideration surgical removal of, for

25 example, the meniscus, in aniving at a joint surface configuration.

165



wo 2007/092841 PCT/US2007/061681

[00452] In one embodiment, the device can then be applied to the

donor, (e.g., a cadaveric specimen) and the donor tissue can be obtained with

use of a blade or saw or other tissue removing device. The device can then

be applied to the recipient in the area of the joint and the diseased cartilage,

5 where applicable, and underlying bone can be removed with use of a blade or

saw or other tissue cutting device whereby the size and shape of the removed

tissue containing the diseased cartilage will closely resemble the size and

shape of Ihe donor tissue. The donor tissue can then be attached to the

recipient site. For example, said attachment can be achieved with use of

10 screws or pins (e.g., metallic, non-metallic or bioresorable) or other fixation

means including but not limited to a tissue adhesive. Attachment can be

through the cartilage surface or alternatively, through the marrow space.

[00453] The implant site can be prepared with use of a robotic device.

The robotic device can use infonnation from an electronic image for preparing

15 the recipient site.

[00454] Identification and preparation of the implant site and insertion of

the implant can be supported by asurgical navigation system. In such a

system, the position or orientation of a surgical instrument with respect to the

patient"s anatomy can be tracked In real-time in one or more 2D or 3D

20 images. These 2D or 3D images can be calculated from images that were

acquired preoperatively, such as MR or CT images. Non-image based

surgical navigation systems that find axes or anatomical structures, for

example with use of joint motion, can also be used. The position and

orientation of the surgical instrument as well as the mold including alignment

25 guides, surgical instmment guides, reaming guides, drill guides, saw guides,

etc. can bedetermined from markers attached to these devices. These
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markers can be located by a detector using, Ibr example, optica!, acoustical

or electromagnetic signals.

[00455] Identification and preparation of the implant site and insertion of

the implant can also be supported with use of a C-arm system. The C-ami

5 system can afford imaging of the joint in one or, preferably, multiple planes.

The multiplanar imaging capability can aid in defining ttie shape of an articular

surface. This information can be used to selected an implant with a good fit

to the articular surface. Currently available C-anri systems also afforel cross-

sectional imaging capability, for example for identification and preparation of

10 the implant site and insertion of the implant. C-arm imaging can be combined

with administration of radiographic contrast.

[00456] In various embodiments, the surgical devices described herein

can include one or more materials that harden to tbrni a mold of the articular

surface. In preferred embodiments, the materials used are biocompatible

,

15 such as, without limitation, acylonitrile butadiene styrene, polyphenylsulfone

and polycarbonate. As used herein "biocompatible" shall mean any material

that is not toxic to the body (e.g., produces a negative reacHon undert ISO

10993 standards, incorporated herein by relerence). In various embodiments,

these biocompatible materials may be compatible with rapid prototyping

20 techniques.

[00457] In further embodiments, the mold material is capable of heat

sterilization without deformation. An exemplary mold material is

polyphenylsulfone, which does not deform up to a temperature of 207 celcius.

Alternatively, the mold may be capable of sterilization using gases, e.g.

25 ethyleneoxide. The mold may be capable of sterilization using radiation, e.g.
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y-radiation. The mold may be capable of sterilization using hydrogen peroxide

or other chemical means. The moid may be capable of sterilization using any

one or more methods of sterilization l<nown in the art or developed in the

future.

5 [0045a| A wide-variety of materials capable of hardening in situ include

polymers that can be triggered to undergo a phase change, for example

polymers that are liquid or semi-liquid and harden to solids or gels upon

exposure to air, application of ultraviolet light, visible light, exposure to blood,

water or other ionic changes. (See, also, U.S. Pat. No. 6,443,988 to Felt et al.

10 issued Sep. 3, 2002 and documents cited therein). Non-limiting examples of

suitable curable and hardening materials include polyurethane materials (e.g.,

U.S. Pat. No. 6,443,988 to Felt el al., U.S. Pat. No. 5,288,797 to Khalil issued

Feb. 22, 1994, U.S. Pat. No. 4,098,626 to Graham et al. issued Jul. 4, 1978

and U.S. Pat. No. 4,594,380 to Chapin et al. issued Jun. 10, 1986; and Lu et

15 al. (2000) BioMaterials 21(15):1595-1605 describing porous poly(L-lactide

acid foams); hydrophilic polymers as disclosed, for example, in U.S. Pat. No.

5,162,430; hydrogel materials such as those described in Wake et al. (1995)

Cell Transplantation 4(3):275-279, Wiese et al. (2001) J. Biomedical Materials

Research 54(2):179-18a and Marler et al. (2000) Plastic Reconstruct. Surgery

20 105(6):2049-2058; hyaluronic acid materials (e.g., Duranti et al. (1998)

Dermatologic Surgery 24(12):1317-1325); expanding beads such as chitin

beads (e.g., Yusof et al. (2001) J. Biomedical IVlaterials Research 54(1):59-

68); crystal free metals such as Liquidmetals.RTM., and/or materials used in

dental applications (See, e.g., Brauerand Antonucci, "Dental Applicatons"

25 pp. 257-258 in "Concise Encyclopedia of Polymer Science and Engineering"

and U.S. Pat. No. 4,368,040 to Weissman issued January 11, 1983). Any
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biocompatible material that is sufficiently flowable to permit it to be delivered

to the joint and there undergo complete cure in situ under physiologically

acceptable conditions can be used. The material can also be biodegradable.

[00459] The curable materials can be used in conjunction with a

5 surgical tool as described herein. For example, the surgical tool can be a

template that includes one or more apertures therein adapted to receive

injections and the curable materials can be injected through the apehures.

Prior to solidifying in situ the materials will conform to the ari:icular suri'ace

(subchondral bone and/or articular cartilage) facing the surgical tool and,

10 accordingly, will form a min-or image impression of the surface upon

hardening, thereby recreating a nomial or near normal articular surface.

[00460] In addition, curable materials or surgical tools can also be used

in conjunction with any of the imaging tests and analysis described herein, for

example by molding these materials or surgical tools based on an image of a

15 joint. For example, rapid prototyping may be used to peri'omi automated

constmction of the template. The rapid prototyping may include the use of,

without limitation, 3D printers, stereolithography machines or selective laser

sintering systems. Rapid prototyping is a typically based on computer-aided

manufacturing (CAM). Although rapid prototyping traditionally has been used

20 to produce prototypes, they are now increasingly being employed to produce

tools or even to manufacture production quality parts. In an exemplary rapid

prototyping method, a machine reads in data from a CAD drawing, and lays

down successive millimeter-thicl^ layers of plastic or other engineering

material, and in this way the template can be built from a long series of cross

25 sections. These layers are glued together or Hised (often using a laser) to

create the cross section described in the CAD drawing.
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[00461] FIG, 23 is a flow chart illustrating the steps involved in designing

a mold for use In preparing a joint surface. Optionally, the first step can be to

measure the size of the area of the diseased cartilage or cartilage loss 2100,

Once the size of the cartilage loss has been measured, the user can measure

5 the thickness of the adjacent cartilage 2120, prior to measuring the curvature

of the articular surface and/or the subchondral bone 2130. Alternatively, the

user can skip the step of measuring the thickness of the adjacent

cartilage 2102. Once an understanding and determination of the shape of the

subchondral bone is detemiined, either a moid can be selected from a library

10 of molds 3132 or a patient specific mold can be generated 2134. In either

event, the implantation site is then prepared 2140 and implantation is

performed 2142. Any of these steps can be repeated by the optional repeat

steps 2101, 2121, 2131, 2133, 2135, 2141.

[00462] A variety of techniques can be used to derive the shape of the

15 template, as described above. For example, a few selected CT slices through

the hip joint, along with a full spiral CT through the knee joint and a few

selected slices through the ankle joint can be used to help define the axes if

surgery is contemplated of the knee Joint. Once the axes are defined, the

shape of the subchondral bone can be derived, followed by applying

20 standardized cartilage loss.

[00463] Methodologies for stabilizing the 3D guidance templates will

now be described. The 3D guide template may be stabilized using multiple

surgical tools such as, without limitation: K-wires;, a drill bit anchored into the

bone and left within the template to stabilize it against the bone; one or more

25 convexities or cavities on the suriace facing the cartilage; bone stabilization

against intra/extra articular surfaces, optionally with extendere, for example,
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from an articular surface onto an extra-articular surface; and/or stabilization

against newly placed cuts or other surgical interventions.

[00464] Specific anatomic landmarks may be selected in the design and

malte of the 3D guide template in order to further optimize the anatomic

5 stabilization. For example, a 3D guidance template may be designed to cover

portions or all off an osteophyte or bone spur in order to enhance anchoring

of the 3D guide template against the underlying articular anatomy. The 3D

guidance template may be designed to the shape of a trochlear or

intercondylar notch and can encompass multiple anatomic areas such as a

1 0 trochlea, a medial and a lateral femoral condyle at the same time. In the tibia,

a 3D guide template may be designed to encompass a medial and lateral

tibial plateau at the same time and it can optionally include the tibial spine for

optimized stabilization and cross-referencing. In a hip, the fovea capitis may

be utilized in order to stabilize a 3D guide template. Optionally, the surgeon

15 may elect to resect the ligamentum capitis femoris in order to improve the

stabilization. Also in the hip, an acetabular mold can be designed to extend

into the region of the tri-radiate cartilage, the medial, lateral, superior, inferior,

anterior and posterior acetabular wall or ring. By having these extensions

and additional features for stabilization, a more reproducible position of the

20 3D template can be achieved with resulted improvement in accuracy of the

surgical procedure. Typically, a template with more than one convexity or

concavity or multiple convexities or concavities will provide better cross-

referencing in the anatomic surface and higher accuracy and higher

stabilization than compared to a mold that has only few surface features such

25 as a singular convexity. Thus, in order to improve the implementation and

intraoperative accuracy, careful surgical planning and preoperative planning
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is desired, that encompasses preferably moretlian one convexity, more

preferred more than two convexities and even more preferred more than

three convexities, or that encompasses more than one concavity, more

preferred more than two concavities or even more prefen-ed more than three

5 concavities on an articular surface or adjoined surface, Including bone and

cartilage outside the weight-bearing surface.

[00465] In an even more prefemed embodiment, more than one

convexity and concavity, more preferred more than two convexities and

concavities and even more preferred more then tiiree convexities and

10 concavities are Included In the surface of the mold In order Id optimize the

Interoperative cross-referencing and in order to stabilize the mold prior to any

surgical intervention.

[00466] Turning now to particular 3D surgical template configurations

and to templates for specific joint applications which are Intended to teach the

1 5 concept of the design as it would then apply to other joints in the body:

i. 3D Guidance Template Configurations/Positioning

[00467] The 3D guidance template may include a surface that duplicates

the inner surface of an implant or an implant component, and/or that conforms

to an articular surface, at least partially, in accordance with an embodiment of

20 the invention. More than one of the surfaces of the template may match or

conform to one or more of the surfaces or portions of one or more of these

surfaces of an implant, implant component, and/or articular surlace.

[00468] Fig. 30 shows an example of a 3D guidance template 3000 in a

hip joint, in accordance with one embodiment of the invention, wherein the

25 template has extenders 3010 extending beyond the margin of the joint to
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provide for additional stability and to fix the template in place. The surfece of

the template facing the joint 3020 is a mimor image of a portion of the joint

that is not affected by the arthritic process 3030. By designing the template Id

be a mirror image of at least a portion of the Joint that is not affected by the

5 arthritic process, greater reproducibility In placing the template can be

achieved. In this design, the template spares the arthritic portions 3040 of the

joint and does not include them in its joint fadng surface. The template can

optionally have metal sleeves 3050 to accommodate a reamer or other

surgical instruments, to protect a plastic. The tmtal sleeves or, optionally, the

10 template can also inciude stops 3060 to limit the advancement of a surgical

instrument once a predefined depth has been reached.

[004691 Fis. 31 shows another embodiment of a 3D guidance template

3100 for an acetabulum, in accordance with an embodiment of the invention.

The articular surface is roughened 3110 in some sections by the arthritic

15 process. At least a portion of the template 3120 is made to be a mirror Image

of the articular surface altered by the arthritic process 3110. By matching the

template to the joint in areas where it is altered by the arthritic process

improved intraoperative localization and improved fixation can be achieved.

In other section, the template can be matched to portions of the joint that are

20 not altered by the arthritic process 3130.

[00470] Fig. 32 shows another embodiment of a 3D guidance template

3200 designed to guide a posterior cut 3210 using a posterior reference plane

3220. The joint facing surface of tiie template 3230 is, at least in part, a mirror

image of portions of the joint that are not altered by the arthritic process. The

25 arthritic process includes an osteophyte 3240. The template includes a recess

3250 that helps avoid the osteophyte 3240. The template is at least in part
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substantially matched to portions of the joint that are not involved by the

arthritic process.

[00471] Fig. 33 shows another embodiment of a 3D guidance template

3300 designed to guide an anterior cut 3310 using an anterior reference

5 plane 3320. The joint facing surface ofthe template 3230 is, at least in part, a

min-or image of portions of the joint that are altered by the arthritic process.

The arthritic process includes an osteophyte 3240. The joint facing surface of

the template 3230 is a mirror image of the arthritic process, at least in part,

including the osteophyte 3240. The template is at least in part substantially

10 matched to portions of the joint that are involved by the arthritic process.

[00472] Fig. 34 shows another embodiment of a 3D guidance template

34O0 for guiding a tibial cut (not shown), wherein the tibia 3410 includes an

arthritic portion 3420, in this example a subchondral cyst 3430. The template

is designed to avoid the arthritic process by spanning across 3440 the defect

16 or cyst.

[00473] Fig. 35 shows another embodiment of a 3D guidance template

3500 for guiding a tibial cut (not shown), wherein the tibia 3510 includes an

arthritic portion 3520, in this example a subchondral cyst 3530. The template

is designed to include the arthritic process 3520 by extending into 3540 the

20 defect or cyst 3530. The surface of the template facing the joint 3550 is a

min-or image of portions of normal joint 3560 and portions of the joint that are

altered by the arthritic process 3530. The interface between normal and

arthritic tissue Is included in the shape of the template 3520.

[00474] Figs. 36A.D show a knee joint with a femoral condyle 3600

25 including a nonnal 3610 and arthritic 3620 region, in accordance with various

174



wo 2007/092841 PCT/US2007/061681

embodiments of the invention. Tlie interface 3630 between nonnal 3610 and

artliritic 3620 tissue is sliown. The template is designed to guide a posterior

cut 3640 using a guide plane 3650 or guide aperture 3660.

[00475] In one embodiment shown in FIG. 36A the surface of the

5 template lacing the joi nt 3670 is a min-or image of at least portions of the

surface of the joint that is healthy or substantially unaffected by the arthritic

process. A recessed area 3670 can be present to avoid contact with the

diseased joint region. This design can be favorable when an imaging test is

used that does not provide sufficient detail about the diseased region of the

10 joint to accurately generate a template.

[00476] In a similar embodiment shown in Fig. 36B the surface of the

template facing the joi nt 3670 is a miror image of at least portions of the

surface of the joint that is healthy or substantially unaffected by the arthritic

process. The diseased area 3620 is covered by the template, but the

15 template is not substantially in contact with it.

[00477] In another embodiment shown in Fi6. 36C the surface of the

template facing the joint 3670 is a min-or image of at least portions of the

surface of the joint that are arthritic. The diseased area 3620 is covered by

the template, and the template is in close contact with it. This design can be

20 advantageous to obtain greater accuracy in positioning the template if the

arthritic area is well defined on the imaging test, e.g. with high resolution

spiral CT or near isotropic MRI acquisitions or MR! with image fusion. This

design can also provide enhanced stability during surgical interventions by

more finnly fixing the template against the irregular underiying surface.
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[00478] In another embodiment shown in Fig. 36D the surface of the

template facing the joint 3670 is a min^or image of at least portions of the

surliace ofthe joint that are arthritc. The diseased area 3620 is covered by

the template, and the template is in close contact with it. Moreover, heailhy or

5 substantially normal regions 3610 are covered by the template and the

template is in close contact with them. The template is also closely mirroring

the shape of the interface between substantially nomial or near normal and

diseased joint tissue 3630. This design can be advantageous to obtain even

greater accuracy in positioning the template due to the change in surface

10 profile or contour at the interface and resultant improved placement of the

template on the joint surface. This design can also provide enhanced stability

during surgical interventions by more fimrily fixing and anchoring the template

against the underlying surface and the interface 3630.

[00479] The template may include guide apertures or reference points

15 for two or more planes, or at least one of a cut plane and one of a drill hole or

reaming opening for a peg or implant stem, in accordance with an

embodiment of the invention.

[00480] The distance between two opposing, articulating implant

components may be optimized intraoperatively for different pose angles of the

20 joint or joint positions, such as different degrees of section, extension,

abduction, adduction, intemal and extemal rotation. For example, spacers,

typically at least partially conforming to the template, may be placed between

the template of the opposite surface, where the opposite surface can be the

native, uncut Joint, the cut joint, the surgically prepared joint, the trial implant,

25 or the definitive implant component for that articular surlace. Altemalively,

spacers may be placed between the template and the articular surface far
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Which it will enable subsequent surgical interventions. For example, by

placing spacers between a tibial template and the tibia, the tibial cut height

can be optimized. The thicker the spacer, or the more spacers interposed

between the tibial template and the tibial plateau the less deep the cut will

5 be, f.e. the less bone will be removed from the top of the libia.

[00481] The spacers may be non-confonning to the template, e.g. they

may be of a flat nature. The spacers may be convex or concave or Include

multiple convexities or concavities. The spacers may be partially confomiing

to the template. For example, in one embodiment, the surface of the spacer

1 0 optionally fadng the articular surface can be molded and individualized to the

articular surface, thereby forming a templateAnold, while the opposite surface

of the spacer can be flat or curved or have any other non-patient spedfic

design. The opposite surface may allow for placement of blocks or other

surgical instruments or for linkages to other surgical instruments and

15 measurement devices.

[00482] In another embodiment, the template may include multiple slots

spaced at equal distance or at variable distances wherein these slots allow to

perform cuts at multiple cut heights or cut depths that can be decided on

inlraoperallvely. In anotiier embodiment, the template may include a ratchet-

20 like mechanism wherein the ratchet can be placed between the articular

suriiace and the template or between the template and the opposite suriace

wherein the opposite surface may indude the native, uncut opposite surface,

the cut opposite suriace, an opposite suriiace template, a trial implant or the

implant component designed for the opposite suriace. By using a ratchet-like

25 device, soft tissue tension can be optimized, for example, for different pose

angles of the joint or joint positions such as flexion, extension, abduclion,
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adducb'on, internal rotation and external rotation at one or more degrees for

each direction.

[00483] Optimizing soft tissue tension will improve joint function that

advantageously enhances postoperative perlbmriance. Soft tissue tension

5 may, for example, be optimized with regard to ligament tension or muscle

tension but also capsular tension. In the knee joint, soft tissue tension

optimization includes typically ligament balancing, e.g. the cruciate ligaments

and/or the collateral ligaments, for different degrees of loiee flexion and knee

extension.

10 [00484] In a prefen-ed embodiment, a 3D guidance template may attach

to two or more points on the joint. In an even nrore prefen^d embodiment, a

template may attach to three or more points on the joint, even more preferred

four or more points on the joint, even more prefen-ed five or more points on

the joint, even more preferred six or more points on the joint, even more

15 prefen-ed seven or more points on the joint, even more preferred ten or more

points on the joint, even more preferred portions for the entire surlace to be

replaced.

[004851 In another embodiment, the template may include one or more

linkages for surgical instruments. The linkages may also be utilized for

20 attaching other measurement devices such as alignment guides,

inlramedullary guides, laser pointing devices, laser measurement devices,

optical measurement devices, radio frequency measurement devices, surgical

navigation and the like. Someone skilled in the art will recognize many

surgical instalments and measurement in alignment devices may be attached
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to the template. Alternatively, these surgical instruments or alignment

devices may be included within the template.

[00486] In another embodiment, a link or a linkage may be attached or

may be incorporated or may be part of a template that rests on a first articular

5 surface. Said link or linkage may further extend to a second articular surface

which is typically an opposing articular surface. Said link or linkage can thus

help cross-reference the first articular surface with the second articular

surface, ultimately assisting the perfomriance of surgical interventions on the

second articular surface using the cross reference to the first articular surface.

10 The second articular surface may optionally be cut with a second template.

Alternatively, the second articular suriiace may be cut using a standard

surgical instrument, non-individualized, that is cross referenced via the link to

the sungicai mold placed on the first articular surface. The link or linkage may

include adjustment means, such as ratchets, telescoping devices and the like

15 to optimize the spatial relationship between the first articular suriace and the

second, opposing articular surface. This optimization may be perfbnned for

different degrees of joint flexion, extension, abduction, adduction and rotation.

[00487] In another embodiment, the linkage may be made to the cut

articular suriiace or, more general, an articular surtace that has been altered

20 using a template and related surgical intervention. Thus, cross reference can

be made from the first articular suriace from a mold attached to said first

articular suriace, the mold attached to a surgically altered, for example, cut

articular suriiace, the surgical instrument attached to said articular suriace

altered using the mold, e.g. cut or drilled, and the lite. Someone skilled in the

25 art will easily recognize multiple different variations of this approach.

In-especfive of the various variations, in a first step the articular surface is
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surgically altered, for example, via cutting, drilling or reaming using a mold

while in the second step cross reference is established with a second articular

surface.

[00488] By establishing cross reference between said first and said

5 second articular surface either via the template and/or prior to or after a

surgical intervention, the surgical intervention performed on the second

articular surface can be performed using greater accuracy and improved

usability in relation to said articulating, opposing first articular surface.

10 [00489] Figs. 37A-D show multiple templates with linkages on the same

articular surface (A-C) and to an opposing articular surface (D), in accordance

with various embodiments of the invention. The biomechanical axis is

denoted as 3700. A horizontal femoral cut 3701 , an anterior femoral cut 3702,

a posterior femoral cut 3703, an anterior chamfer cut 3704 and a posterior

15 chamfer cut 3705 are planned in this example. A first template 3705 is applied

in order to detemnine the horizontal cut plane and to perfomn the cut. The cut

is perpendicular to the biomechanical axis 3700. The first template 3705 has

linkages or extenders 3710 for connecting a second template 371 5 for the

anterior cut 3702 and for connecting a third template 3720 for the posterior

20 cut 3703. The linkages 3710 connecting the fi rst template 3705 with the

second 3715 and third template 3720 help in achieving a reproducible

position of the templates relative to each other. At least one of the templates,

preferably the first template 3705, will have a surfece 3706 that is a mirnsr

image of the articular surfece 3708. In this example, all three templates have

25 surfece facing the joint that is a miror image of the joint, although one
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template having a surface conforming to tlie joint suffices in many

applications ofthe invention.

[00490] A fourth template 3725 may optionally be used in order to

perform an anterior chamfer cut 3704. The fourth template may have a guide

5 aperture or reference plane 3730 that can detennine the anterior chamfer cut

3704. The fourth template can. but must not have at least one surface 3735

matching one or more cut articular suriiaoes 3740. The fourth template may

have one or more outriggers or extenders 3745 stabilizing the template

against the cut or uncut articular surface.

10 [004911 A fifth template 3750 may optionally be used to pertbrm a

anterior chamfer cut 3705. The fifth template may have a guide aperi:ure or

reference plane 3755 that can detennine the posterior chamfer cut 3705. The

fifth template may have at least one suri^ace 3735 matching one or more cut

articular surtiaces 3740. Oblique planes 3760 may help to further stabilize the

1 5 template during the procedure. The fifth template may have one or more

outriggers or extenders 3745 stabilizing the template against the cut or uncut

articular surface.

[00492] In another embodiment, an opposite articular side 3765 may be

cut in reference to a first articular side 3766. Any order or sequence of cutting

20 is possible: femur first then tibia, tibia first then femur, patella first, and so

forth. A template 3770 may be shaped to the uncut or, in this example, cut

first articular side. The template may have stabilizers against the first articular

suriiace, for example with extenders 3772 into a previously created peg hole

3773 for an implant. The template may have a linkage or an extender 3775 to

25 a second articular surface 3765. Surgical instruments may be attached to the
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linkage or extender 3775. In this exampie, a tibial cut guide 3778 with multiple

apertures or reference planes 3779 for a horizontal tibial cut is attached. The

tibial cut guide may but may not have a surface matching the tibial surlaoe.

[00493] By referencing a first, e.g. femoral, to a second, e.g. tibial cut

5 greater accuracy can be achieved in the alignment of these cuts, which will

result in improved implant component alignment and less wear. Ratchet Wke

devices 3785 or hinge like devices or spacers may be inserted into the space

between the first and the second articular surface and soft-tissue tension and

ligament balancing can be evaluated for different distances achieved between

10 the first 3766 and second 3765 articular surface, with one or more of them

being cut or uncut. In this manner, soft-tissue tension and ligament balancing

can be tested during different pose angles, e.g. degrees of flexion or

extension. Optionally, tensiometens can be used. Once an ideal soft-tissue

tension and/or ligament balancing has been achieved, the tibial cut may be

1 5 performed through one of the guide apertures 3779 in reference to the

femoral cut.

[00494] FIG. 38 Is an example demonstrating a deviation in the AP
plane of the femoral 3801 and tibial 3803 axes in a patient Axis deviations

can be determined in any desired plane including the AP plane, not only the

20 ML plane. The axis deviation can be measured. The desired conection can

be detemriined and the position, orientation and shape of a 3D guidance

template can be adjusted in order to achieve tiie necessary con-ection. The

correction may, for example, be designed to achieve a result wherein the

femoral 3801 and tibial 3803 axes will coincide with the biomechanical axis

25 3805.
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[004951 The invention optionally provides for trial implants and trial

devices that help test intraoperatlvely the result of the surgical intervention

achieved using the 3D guidance mold. Trial implants or devices can be

particularly useful for subsequent adjustments and fine-tuning of the surgical

5 Intervention, for example, optimizing soft tissue tension In different articular

pose angles.

[00496] In another embodiment, the templates may also allow for

intraoperative adjustments. For example, the template may include an

opening for a pin. The pin can be placed in the bone and the template can be

10 rotated around the pin thereby optimizing, for example, medial and lateral

ligament tension in a knee jolrrt or thereby optimizing the cut orientation and

resultant rotation and alignment of an implant relative to the anatomic or

biomechanical axis.

[00497] In another embodiment, standard tools including alignment

15 guides may be attached to the mold, via linkages for example, and the

attachment can allow for additional adjustments in mold and subsequently

implant alignment and rotation.

[0049a| The above-described embodiments can be particularly useful for

optimization of soft tissue tension including ligament balancing, for example,

20 in a knee joint. Optimization of soft tissue tension can advantageously

improve post-operative function and range of motion.

[00499] Linkages may also be utilized to stabilize and fix additional

molds or surgical instruments on the articular surface.

[00500] Moreover, linkages can allow separation of one large mold into

25 multiple smaller molds. The use of multiple smaller, linked molds
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advantageously enable smaller surgical axis with the potential to enhance

muscle sparing and to reduce the size of the skin cut.

[00501] In another embodiment, all or portions of the template may be

made of metal, metal-alloys, teflon, ceramics. In a more prefen-ed

embodiment, metal, metal-alloys, teflon, ceramics and other hard materials,

typically materials that offer a hardness of, without limitation, greater than

shore 60D, is placed in areas where the surgical instruments will be in contact

with the template.

ii. 3D Guidance Molds for Ligament Repair and Replacement:

[00502] 3D guidance molds rray also be utilized for planning the

approach and preparing the surgical intervention and conducting the surgical

intervention for ligament repair and replacement, in accordance with an

embodiment of the invention.

[00503] In one example, the anterior cruciate ligament is replaced using

a 3D guidance moid. The anterior cruciate ligament is a collagenous

structure located in the center of the knee joint, and is covered by the synovial

sheath. The ligament has an average length of thirty (30) to thirty-eight (38)

millimeters and an average width of ten (10) to eleven (11) millimeters. The

ligament is proximally attached to the posterior aspect of the lateral femoral

condyle's medial surface. The ligament passes anterioriy, medially and

distally within the joint to its attachment at the anteromedial region of the tibial

plateau, between the tibial eminences. The distal portion of the ligament fans

out to create a large tibial attachment known as the footprint of the ligament.

The ligament has two llinctional subdivisions wrfiich include the anteromedial

band and the posterolateral band. The posterolateral band is taut when the

184



wo 2007/092841 PCT/US2007/061681

knee is extended and the anteromedial band becomes tautwhen the knee is

flexed. Because of its internal architecture and attachments sides on femur

and tibia, the ACL provides restraint to anterior translation and intemal

rotation of the tibia in angulation and hyperextension of the knee. The

5 prevalence ofACL injuries are about 1 in 3,000 subjects in the United States

and approximately 250,000 new injuries each year.

[00504] Other tendon and ligament injuries, for example, including the

rotator cuff, the ankle tendons and ligaments, or the posterior cmciate

ligament can also be highly prevalent and Irequent.

1 0 [00505] Selecting the ideal osseous tunnel sights is a crucial step in

ligament reconstruction, for example, the anterior and posterior cruciate

ligament.

[00506] In the following paragraphs, embodiments will be described in

detail as they can be applied to the anterior cruciate ligament. However,

15 cleariy all embodiments mentioned below and modifications thereof are

applicable to other ligaments, including the posterior cruciate ligament and

also tendons such as tendons around the ankle joint or rotator cuff and

shoulder joint.

Anterior Cruciate Ligament

20 [00507] The normal anterior cruciate ligament is composed of a large

number of fibers. Each fiber can have a different length, a different origin and

a different insertion and is frequently under different tension during the range

of motion of the knee joint. One of the limitations of toda/s ACL graft is that

they have parallel fibers. Thus, even with ideal selection of the placement of

25 the osseous tunnels, fibers of an ACL graft will undergo length and tension
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changes with range of motion. Therefone.iDday's ACL replacement cannot

duplicate the original ligament. Hovwever, placing the center of the osseous

tunnels at the most isometric points, maximizes the stability that can be

obtained during motion and rranimizes later on graft wear and ultimately

5 resultant failure.

[00508] In illustrative embodiments, 3D guidance templates may be

selected and designed to enable highly accurate, reproducible and minimally

invasive graft tunnels in the femur and the tibia.

[00509] In one embodiment, imaging such as MR! is performed pre-

10 operatively. The images can be utilized to Identify the origin of the ligament

and its insertion onto the opposing articular surface, in the case of an anterior

cmciate ligament, the tibia. Once the estimated location of the origin and the

footprint, Le. the insertion of the ligament has been identified, 3D guidance

templates may be made to be applied to these areas or their vicinity.

5 [0051 0] The 3D guidance templates may be made and shaped to the

articular surface, for example, adjacent to the intended tunnel location or they

may be shaped to bone or cartilage outside the weight bearing zone, for

example, in the intercondylar notch. A 3D guidance template for femoral or

tibial tunnel placement forACL repair may include blocks, attachments or

:0 linkages for reference pointe or guide aperture to guide and direct the

direction and orientation of a drill, and optionally, also the drill depth.

Optionally, the 3D guidance templates may be hollow. The 3D guidance

templates may be circular, semi-circular or ellipsoid. The 3D guidance

templates may have a central opening to accommodate a drill.
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[0051 1] In one embodiment, the 3D guidance template Is placed on,

over or near the intended femoral or tibial entry point and subsequently the

drill hole. Once proper anatomic positioning has been achieved, the ligament

tunnel can be created. The 3D guidance template, its shape, position, and

5 orientation, may be optimized to reflect the desired tunnel location in the

femur and the tibia, wherein the tunnel location, position, orientation and

angulation is selected to achieve the best possible functional results.

Additional consideratons in placing the femoral or tibial tunnel includes a

sufficient distance to the cortical bone In order to avoid failure or fracture of

10 the tunnel.

[0051 21 Thus, optionally, the distance of the tunnel to the adjacent

cortical bone and also other articular structures may optionally be factored

Into the position, shape and orientation of the femoral or tibial 3D guidance

templates in order to achieve the optimal compromise between optimal

1 5 ligament function and possible post-operative complications such as failure of

the tunnel.

[0051 3] In another embodiment, the Imaging test may be utilized to

delennine tiie origin and Insertion ofthe ligament. This detennination can be

performed on the basis of bony landmarks Identified on tiie scan, e.g. a CT
20 scan or MRI scan. Alternatively, this determination can be performed by

identifying ligament remnants, for example, in tiie area of the ligament origin

and ligament attachment. By detemnining the origin and tiie insertion of tiie

ligament tiie intended graft length may be estimated and measured. This

measurement may be performed for different pose angles of the joint such as

25 different degrees of flexion, extension, abduction, adduction, internal and

extemal rotation.
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[0051 4] In another embodiment, the imaging test may be utilized to

Identify the ideal graft harvest site wherein the graft harvest site can optionally

be chosen to include sufficiently long ligament portion and underiying bone

block proximally and distally in order to fulfill the requirement for graft length

5 as measured earlier in the imaging test. An additional 3D guidance template

for the same 3D guidance templates, possibly with linkages, may be utilized

to harvest the ligament and bone from the donor site in the case of an

autograft. Optionally, 3D guidance templates may also be utilized or

designed or shaped or selected to guide the extent of an optional notchplasty.

10 This can include, for example, the removal of osteophytes.

[0051 5] In the case of an ACL replacement, the 3D guidance templates

may in this manner optimize selection of femoral and tibial tunnel sites.

Tunnel sites may even be optimized for different knee pose angles, i.e. joint

positions, and different range of motion. Selecting the properly positioned

15 femoral tunnel site ensures maximum post operative knee stability.

[0051q The inlra-articular site of the tibial tunnel has less effect on

changes in graft length but its position can be optimized using proper

placement, position, and shape of 3D guidance templates to prevent

intercondular notch impingement.

20 [0051 7] Moreover, the 3D guidance templates may include an optional

stop for the drill , for example, to avoid damage to adjacent neurovascular

bundles or adjacent articular stmctunes, including the articular cartilage or

other ligaments.

[0051 8] Optionally, the 3D guidance templates may also include a stop,

25 for example, for a drill in order to include the drill depth.
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[0051 9] The direction and orienlation of tfie tibial tunnel and also the

femoral tunnel may be detemiined with use of the 3D guidance template,

whereby It will also include selection of an optimal tunnel orientation in order

to match graft length as measured pre-operaiively with the tunnel length and

5 the intra-articular length ofthe graft ligament.

[00520] In one embodiment, a tibial 3D guidance template is, for

example, selected so that its opening is located immediately posterior to the

anatomic center of the ACL tibial footprint. Anatomic landmarks may be

factored into the design, shape, orientation, and position of the tibial guidance

10 template, optionally. These include, without limitation, the anterior hom of the

lateral meniscus, the medial tibial spine, the posterior cruciate ligament, and

the anterior cruciate ligament stump.

[00521] The tunnel site may be located utilizing the 3D guidance

template in the anterior posterior plane by extending a line in continuation

1 5 with the inner edge of the anterior hom of the lateral meniscus. This plane

will typically be located six (6) to seven (7) millimeters anterior to the interior

border of the PCL. The position, shape and orientation of the 3D guidance

template will be typically so that Hie resultant tibial tunnel and the resultant

location and orientalion of the ACL graft, once in place, may touch the lateral

20 aspect of the PCL, but will not significantly deflect it. Similarly, the location of

the tibial guidance template and the resultant ligament tunnel and the

resultant location of the ACL graft, once in place, may be chosen so that the

graft will neither abrade nor impinge against the medial aspect ofthe lateral

femoral condyle or the roof ofthe intercondylar notch when the knee is, for

25 example, in full extension. In this manner, highly accurate graft placement is
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possible thereby avoiding the problems of impingement and subsequent graft

failure.

[00522] In another embodiment, the pre-operative scan can be

evaluated to determine the maximal possible graft length, for example, patella

5 tendon graft. If there is conoem lhat the maximal graft length Is not suflioient

for the intended ACL replacement, the tunnel location and orientation,

specifically the exits from the femur or the tibia can be altered and optimized

in order to match the graft length with the tunnel length and intra-articular

length.

10 [00523] In a pretended embodiment, the graft length is measured or

simulated pre-operatively, for example, by measuring the optimal graft length

for different flexion and extension angles. Using this approach, an optimal

position, shape, orientation and design of the 3D guidance template may be

derived at an optimal compromise between isometric graft placement,

15 avoidance of impingement onto the PCL, and/or avoidance of impingement

onto the femoral condyle, maximizing achievable graft lengths.

[00524] Intraoperatively, the femoral and/or tibial 3D guidance templates

may include adjustment means. These adjustment means can, for example,

allow movement of the template by one or two or more millimeters intervals in

20 posterior or medial or lateral orientation, with resultant nnovement of the

femoral or tibia! tunnel. Additionally, intraoperative adjustment may also allow

for rotation ofthe template, with resultant rotation of the resultant femoral or

tibial tunnels.
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[00525] A single template may be utilized to derive the femoral tunnel.

A single template may also be utilized to derive the tibial tunnel. More than

one template may be used on either side.

[00526] Optionally, the templates may include linkages, for example, for

5 attaching additional measurement devices, guide wires, or other surgical

instruments. Alignment guides including mechanical, electrical or optical

devices may be attached or incorporated in this manner.

[00527] In another embodiment, the opposite articular surface may be

cross refsrenced against a first articular surface. For example, in the case of

1 0 an ACL repair, the femoral tunnel may be prepared first using a 3D guidance

template, whereby the 3D guidance template helps detennine the optimal

femoral tunnel position, location, orientation, diameter, and shape. The

femoral guidance template may include a lini< inferioriy to the tibia or an

attachable linkage, wherein said link or said attachable linkage may be

15 utilized to determine the ideal articular entry point for the tibial tunnel. In this

manner, the tibial tunnel can be created in an anatomic environment and in

mechanical cross reference with the femoral tunnel. The reverse approach is

possible, whereby the tibial tunnel is created first using the 3D guidance

template with a link or linkage to a subsequently created femoral tunnel.

20 Creating the femoral or tibial tunnel in reference to each other

advantageously helps reduce the difficulty in perfomriing the ligament repair

and also can improve the accuracy of the surgery in select clinical situations.

[00528] In another embodiment, the template for ligament repair may

include optional flanges or extenders. These flanges or extenders may have

25 the function of tissue retractors. By having tissue reti-actor function, the intra-
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articular template for ligament repair can provide the surgeon with a clearer

entry to the intended site of surgical intervention and improve visualization.

Moreover, flanges or extenders originating from or attached to the 3D

guidance templates may also serve as tissue protectors, for example,

5 protecting the posterior cmciate ligament, the articular cartilage, or other

articular stmctures as well as extra-articular structures.

[00529] In another embodiment, an additional 3D guidance template or

linkages to a first or second articular 3D guidance templates can be utilized to

place ligament attachment means, for example, interference crews.

10 [00530] If an allograft is chosen and the allograft length and optionally,

dimensions are known pre-operativeiy, additional adjustments may be made

to the position, shape and orieniation of the 3D guidance templates and

additional tunnels in order to match graft dimensions with tunnel dimensions

and graft length with intra-femoral tunnel length, intra-articular length and

15 intra-tibial tunnel length. Optionally, this adjustment and optimization can be

performed for different pose angles ofthe joint, e.g. different degrees of

flexion or extension.

[00531] FIGS. 40A-C illustrate an examplary use of 3D guidance

templates for performing ligament repain in this case repair of the anterior

20 cmciate ligament (ACL). A 3D guidance template 4000 is placed in the

intercondylar notch region 4005. At least one surface 4010 of the template

4000 is a mimor image of at least portions of the notch 4005 or the femur. The

template 4000 may be optionally placed against the trochlea and/or the

femoral condyle (not shown). The mold 4000 includes an opening 4020 and,

25 optionally, metal sleeves 4030, wherein the position, location and orientation
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of the opening 4020 and/or the metal sleeves 4030 determine the position

and orientation of the femoral graft tunnel 4040.

[00532] A ti bial template 40S0 may be used to detemnine the location

and orientation of the tibial tunnel 4060. Specifically, an opening 4065 within

5 the tibial mold 4050 will determine the position, angle and orientation of the

tibial tunnel 4060. The opening may include optional metal sleeves 4068. At

least one surface 4070 of the tibial template 4050 will substantially match the

surface ofthe t'bia 4075. The template may be matched to a tibial spine 4080

wherein the tibial spine can help identify the connect position ofthe mold and

10 help fix the template in place during the surgical intervention. Of note, the

sleeves 4030 and 4068 may be made of other hard materials, e.g. ceramics.

The femoral and/or tibial template may be optionally attached to the femoral

or tibial articular suriace during the procedure, for example using K-wires or

screws.

15 [005331 FIG. 40C shows a top view of the tibial plateau 4085. The PCL

4086 is seen as are the menisci 4087. The original site ofACL attachment

4090 is shown. The intended tunnel site 4092 may be slightly posterior to the

original ACL attachment 4090. The template 4095 may placed over the

intended graft tunnel 4092. The template will typically have a perimeter

20 slightly greater than the intended tunnel site. The templates may allow tor

attachments, linkages or handles.

PCL Repair

[00534] All of the embodiments described above may also be applied to

PCL repair as well as the repair of other ligaments or tendons.
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[00535] For PCL repair, 3D guidance templates may i3e designed for

single, as well as double bundle surgical technique. With single bundle

surgical technique, a 3D guidance template may be created with a position,

orientation and shape of the template or associated reference points or guide

5 apertures for surgical instalments that will help create a femoral tunnel in the

location of the anatomic origin of the ligament. Alternatively, the template and

any related reference points or guide apertures or linkages may be designed

and placed so that an anterior placement of the femoral tunnel in the

anatomic footprint is perfonned. A more anterior placement ofthe femoral

10 tunnel can restore nomial knee laxity better than isometric graft placement.

The 3D guidance templates may be designed so that optimal tension is

achieved not only in knee extension but also in knee flexion, particulariy

ninety degrees of knee flexion. Thus, the origin and the insertion of the PCL

may be identified pre-operatively on the scan, either by identifying residual

15 fiber bundles or by identifying the underlying anatomic landmarks. The

distance between the origin and the insertion may thus be determined in the

extension and can be simulated for different flexion degrees or other articular

positions. Femoral and tibial tunnel placement and orientation may then be

optimized in order to achieve an isometric or near isometric ligament

20 placement. Intraoperative adjustments are feasible as described in the

foregoing embodiments.

[00536] A 3D guidance template may also be designed both on the

femoral as well as on the tibial side using double bundle reconstmction

techniques. With double bundle reconstruction techniques, the femoral or

25 tibial template can include or incorporate links or can have attachable

linkages so that a femoral tunnel can be created and cross referenced with a
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tibial tunnel, or a tibial tunnel can be created and cross referenced to a

femoral tunnel.

[00537] As described for the ACL, the templates may Include stops for

drills and reaming devices or other surgical instruments, for example, to

5 protect popliteal neurovascular structures. The templates may include

extenders or flanges to serve as tissue retractors as well as tissue protectors.

[00538] In principle, templates may be designed to be compatible with

any desired surgical technique. In the case of PCL repair, templates may be

designed to be compatible with single bundle, or a double bundle

10 reconstruction, tibial inlay techniques as well as other approaches.

[00539] As previously stated, 3D guidance templates are applicable to

any type of ligament or tendon repair and can provide reproducible, simple

intraoperative location of intended attachment sites or tunnels. The shape,

orientation and position of the 3D guidance templates may be individualized

15 and optimized for articular anatomy, as well as the biomechanical situation,

and may incorporate not only the articular shape but also anatomic lines,

anatomic planes, biomechanical lines or biomechanical planes, as well as

portions or all of the shape of devices or anchors or instruments to be

implanted or to be used during implantation or to be used during surgical

20 repair of a ligament or tendon tear.

///. Impingement Syndromes, Removal of Exophytic Bone Growth

Including Osteophytes

[00540] 3D guidance templates may also be utilized to treat

impingement syndromes, for example, by template guided removal of

25 osteophytes or exophytic bone growth. In one embodiment of the invention.

196



wo 2007/092841 PCT/US2007/061681

an imaging test such as a CT scan or an MRI scan is obtained through the

area of concern. If a joint is imaged, the images can demonstrate an

osteophyte or, more generally, exophytic bone growth In Intra and extra-

articular locations. The scan data may then be utilized to design a template

5 that matches the surface adjacent to the exophytic bone growth or

osteophyte, the surface overlying the exophytic bone growth or osteophyte or

both or portions of one or both. The template may have openings or

apertures or linkages that allow placement of surgical tools for removal of the

exophytic bone growth or the osteophyte, such as reamers, drills, rotating

10 blades and the like. Someone skilled in the art will recognize many different

surgical instruments that can be utilized in this manner.

[00541] Two representative examples where a 3D guidance template

can be applied to treat local implngemerrt syndromes are the pincer and Cam
impingement syndromes in the hip joint. Pincer and Cam impingement

1 5 represent femoro-acetabular impingement syndromes caused by an abutment

between the proximal femur and the acetabular rim during the end range of

motion. Untreated temoral-aoetabular impingement can cause osteoarthritis

of the hip.

[00542] In Cam Impingement, a non-spherical portion of the femoral

20 head, typically located near the head-neck junction, is jammed into the

acetabulum during hip joint motion. The Cam impingement can lead to

considerable shear forces and subsequently chondral erosion.

[00543] In one embodiment of the invaition, an imaging test, such as a

25 CT scan or MRI scan may be performed pre-operatively. The imaging test
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may be used to identily the non-spherical portion of the femoral head at the

head-neck junction that is responsible for the impingement. A 3D guidance

template may be designed that can be applied intraoperatively to this region.

The template is designed to fulfill three principle functions:

5 [00544] 1. intraoperative highly accurate identification of the non-

spherical portion of the fismoral head by placement of the individualized

portion of the 3D template onto the area or immediately adjacent to the area.

[00545] 2. Guidance of surgical instrumentation to remove the non-

spherical portion and to re-establish a spherical or essentially spherical

10 shape.

[00546] 3. Control of the depth of the bone removal and the shape of

the bone removal. For this purpose, a stop may be incorporated into the

design of the 3D guidance template. Of note, the stop may be asymmetrical

and can even be designed to be a mirror image of the desired ari:icuiar

15 contour.

[00547] Fig. 41 shows an example of treatment of CAM impingement

using a 3D guidance template 4100. The impinging area 4105 may be

removed with a saw (not shown) inserted into the guide aperture 4110. The

guide aperture may be designed and placed so that only the impinging portion

20 of the joi nt is removed

.

[00548] In Pincer impingement, linear bony contact occurs between the

normal femoral head-neck junction and enlarged or hypertrophied pori:ion of

the acetabulum. Pre-operatively an imaging test may be performed in order

to identify the abnomal, over covered or enlarged area of the acetabulum.

25 The amount of bone removal may be detennined on the imaging study, e.g. a
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CT scan or MRI scan. A 3D guidance template may then be designed that

will achieve the identical three functions described above in Cam
impingement.

[00549] Fig. 42 shows an example of treatment of Pincer impingement

5 using a 3D guidance template 4200. The impinging area 4205 may be

removed with a saw (not shown) inserted into the guide aperture 4210. The

guide aperture may be designed and placed so that only the impinging portion

of the joint is removed.

[00550] Accurate and reproducible identification of the abnormal bony

1 0 surface causing the impingement is critical in any form of musculoskeletal

impingement syndrome. 3D guidance template systems are ideally suited to

achieve this purpose and to guide the surgical instmmentation for renmvai of

the source of impingement. Moreover, since ttie localization of the impinging

area is perfonned pre-operatively during the imaging test, and Intra-

15 operalively using the 3D guidance template, this approach allows for

minimally invasive, tissue, specifically muscle sparing approaches.

/V. Surgical Navigation and 3D Guidance Templates

[00551] 3D guidance template technology as described herein may be

combined with surgical navigation techniques. Surgical navigation techniques

20 may be image guided or non-image guided for this purpose. Passive or

active surgical navigation systems may be employed. Surgical navigation

systems that use optical or radiofrequency transmission or registration may

be used. A representative example is the Vector Vision navigation system

manufactured by Brain Lab, Germany. This is a passive infrared navigation

25 system. Once the patient is positioned appropriately in the operating room,
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retro-reflective markers can be applied to the extremity near the area of

irttended surgery. With image guided navigation, an imaging study such as a

CT scan or MRI scan, can be transfen-ed into the worltstation of the

navigation system. For registration purposes, the surgeon can, for example,

5 utilize a poi nter navigation tool to touch four or more reference points that are

simultaneously co-identified and cross registered on the CT or MRI scan on

the workstation. In the knee joint, reference points may include the trochlear

groove, the most lateral point ofthe lateral condyle, the most medial femoral

condyle, the tip ofthe tibial spines and so forth. Using image guided

1 0 navigation, anatomical and biomechanical axis of the joint can be detennlned

reliably.

[00552] Alternatively, non-image guided navigation may be utilized. In

this case, retro-reflective markers or small radio frequency transmitters are

positioned on the extremity. Movement of the extremity and of the joi nts is

15 utilized, for example, to identify the center of rotation. If surgery ofthe knee

joint is contemplated, the knee Joint may be rotated around the femur. The

marker or radiofrequency transmitter motion may be utilized to identify the

center ofthe rotation, which will coincide with the center ofthe femoral head.

In this manner, the biomechanical axis may be determined non-invasively.

20 [00553] The information resulting in imaging guided navigation,

pertaining to either anatomical or biomechanical axis can be may be utilized

to optimize the position of any molds, blocks, linkages or surgical instruments

attached to or guided through the 3D guidance molds.

[00554] In one embodiment, the joint or more specifically the articular

25 surface, may be scanned intra-operatively, for example, using ultrasound or

199



wo 2007/092841 PCT/US2007/061681

optical imaging methods. The optical imaging methods may include

stereographicorstereogFaphIc like imaging approaches, for example, multiple

light path stereographic imaging of the joint and the articular surface or even

single light path 3D optical imaging. Other scan technologies that are

5 applicable are, for example, C-arm mounted fluoroscopic imaging systems

that can optionally also be utilized to generate cross-sectional images such as

aCTscan. In^traoperative CT scanners are also applicable. Utilizing the

intraoperative scan, a point cloud of the joint or the articular surface or a 3D

reconstruction or a 3D visualization and other 3D representations may be

10 generated that can be utilized to generate an individualized template wherein

at least a portion of said template includes a surface that is a mirror image of

the joint or the articular surface. A rapid prototyping or a milling or other

manufacturing machine can be available in or near the operating room and

the 3D guidance template may be generated intnaoperatively.

15 [00555] The intraoperative scan in conjunction with the rapid production

of an individualized 3D guidance template matching the joint or the articular

suriace, in whole or at least in part, has the advantage to generate rapidly a

tool for rapid intraoperative localization of anatomical landmarks, including

articular landmarks. A 3D guidance template may then optionally be cross-

20 registered, for example, using optical markers or radiofrequency transmitters

attached to the template with the surgical navigation system. By cross-

referencing the 3D guidance template with the surgical navigation system,

surgical instalments can now be reproducibly positioned in relationship to the

3D guidance template to perform subsequent procedures in alignment with or

25 in a defined relationship to at least one or more anatomical axis and/or at

least one or more biomechanical axis or planes.
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V. Stereoscopy, Stereoscopic Imaging:

[00556] In addillon to cross-sectional or volumetric imaging teclnnologies

including CT, spiral CT, and MRI, stereoscopic imaging modalities may be

utilized. Stereoscopic imaging is any technique capable of recording three-

5 dimensional infonnation from two two-dimensional
, projectional imaging.

Traditional stereoscopic imaging includes creating a 3D visualization or

representation starting fi^m a pair of2D images. Tiie projection path of the

2D images is offeet. The offset is, for example, designed to create an

impression of object depth for the eyes of the viev/er. The offset or minor

10 deviation between the two images is similar to the prospectars that both eyes

naturally receive inbinocular vision. Using two or more images with an offeet

or minor deviation in perspective, it is possible to generate a point cloud or 3D

surface or 3D visualizaton of a joint or an articular surface, wrfiich can then be

input into a manufacturing system such as a rapid prototyping or milling

15 machine. Dual or more light path, as well as single light path, systems can be

employed

vi. Knee Joint

[00557] When a total knee arthroplasty is contemplated, the patient can

undergo an imaging test, as discussed in more detail above, that will

20 demonstrate the articular anatomy of a knee joint, e.g. width of the femoral

condyles, the tibial plateau etc. Additionally, other joints can be included in

the imaging test thereby yielding infonnation on femoral and tibial axes,

defbrniities such as varus and valgus and other articular alignment. The

imaging test can be an x-ray image, preferably in standing, load-bearing

25 position, a CT or spiral CT scan or an l\yiRI scan or combinations thereof. A
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spiral CT scan may be advantageous over a standard CT scan due to its

improved spatial resolution in z-dinedion in addition to x and y resolution. The

articular surlace and shape as well as alignment information generated with

the imaging test can be used to shape the surgical assistance device, to

5 select the surgical assistance device from a library of different devices with

pre-made shapes and sizes, or can be entered into the surgical assistance

device and can be used to define the preferred location and orientation of saw

guides or drill holes or guides for reaming devices or other surgical

instruments. Intraoperatively, the surgical assistance device is applied to the

10 tibial plateau and subsequently the femoral condyle(s) by matching its surface

with the articular surface or by attaching it to anatomic reference points on the

bone or cartilage. The surgeon can then introduce a reamer or saw through

the guides and prepare the joint for the implantation. By cutting the cartilage

and bone along anatomically defined planes, a more reproducible placement

15 of the implant can be achieved. This can ultimately result in improved

postoperative results by optimizing blomechanical stresses applied to the

implant and sun'ounding bone for the patients anatomy and by minimizing

axis malalignment of the implant. In addition, the surgical assistance device

can greatly reduce the number of surgical instruments needed for total or

20 unicompartmental knee arthroplasty. Thus, the use of one or more surgical

assistance devices can help make joint arthroplasty more accurate, improve

postoperative results, improve long-temi implant survival, reduce cost by
,

reducing the number of surgical instruments used. Moreover, the use of one

or more surgical assistance device can help lower the technical difficulty of

25 the procedure and can help decrease operating room ("OR") times..
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[00558] Thus, surgical tools described herein can also be designed and

used to control drill alignment, depth and width, for example when preparing a

site to receive an i mplant. For example, the tools described herein, which

typically confonn to the joint surface, can provide for improved drill alignment

5 and more accurate placement of any implant. An anatomically correct tool

can be constructed by a number of methods and can be made of any

material, preferably a substantially translucent and/or transparent material

such as plastic, Ludte, silastic, SLA or the like, and typically is a block-like

shape prior to molding.

10 [00559] Fig. 24a depicts, in cross-section, an example of a mold 600 for

use on the tibial surface having an upper surface 620. The mold 600 contains

an aperture 625 through which a surgical drill or saw can fit The aperture

guides the drill or saw to make the proper hole or cut in the underiying

bone 610 as Illustrated in Figs. 21b-d. Dotted lines 632 illustrate where the

15 cut corresponding to the aperture will be made in bone.
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[00560] Fig. 24b depicts, a mold 608 suitable for use on the femur. As

can be appreciated from this perspective, additional apertures are provided to

enable additional cuts to the bone surliace. The apertures 605 enable

cuts 606 to the surface of the femur. The resulting shape of the femur

5 corresponds to the shape ofthe interior surface of the femoral implant,

typically as shown in Fig. 21 e. Additional shapes can be achieved, if desired,

by changing the size, orientation and placement ofthe apertures. Such

changes would be desired where, for example, the interior shape of the

femoral component of the Implant requires a different shape of the prepared

10 femur surface.

[00561] Turning now to Fig. 25, a variety of illustrations are provided

showing a tibial cutting block and mold system. Fig. 25a illustrates the tibial

cutting block 2300 In conjunction with a tibia 2302 that has not been resected.

In this depiction, the cutting block 2300 consists of at least two pieces. The

15 first piece is a patient specific interior piece 2310 or mold that is designed on

its inferior surfece 2312 to mate, or substantially mate, with the existing

geography of the patient's tibia 2302. The superior surface 2314 and side

surfaces 2316 of the first piece 2310 are configured to mate within the interior

of an exterior piece 2320. The reusable exterior piece 2320 fits over the

20 interior piece 2310 . The system can be configured to hold the mold onto the

bone.

[00562] The reusable exterior piece has a superior surface 2322 and an

inferior surface 2324 that mates with the first piece 2310. The reusable

exterior piece 2320 includes cutting guides 2328, to assist the surgeon in

25 performing the tibial surface cut described above. As shown herein a plurality

of cutting guides can be provided to provide the surgeon a variety of locations
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to choose from in making the tibial cut. If necessary, additional spacers can

be provided that fit between the first patient configured, or molded, piece

2310 and the second reusable exterior piece, or cutting block, 2320.

[00563] Clearly, the mold may be a single component or multiple

5 components. In a preferred embodimerrt, one or more components are patient

specific while other components such as spacers or connectors to surgical

instruments are generic. In one embodiment, the mold can rest on portions of

the joint on the articular surface or external to the articular surface. Other

surgical tools then may connect to the mold. For example, a standard surgical

10 cut block as described for standard implants, tor example in the knee the J&J

PFC Sigma system, the Zimmer Nexgen system or the Stryker Duracon

system, can be connected or placed on the mold. In this manner, the patient

specific component can be minimized and can be made compatible with

standard surgical instalments.

15 [00564] The mold may include receptacles for standard surgical

instruments including alignment tools or guides. For example, a tibial mold for

use in knee surgery may have an extender or a receptacle or an opening to

receive a tibial alignment rod. In this manner, the position of the mold can be

checked against the standard alignment tools and methods. Moreover, the

20 combined use of molds and standard alignment tools including also surgical

navigation techniques can help improve the accuracy of or optimize

component placement in joint arthroplasty, such as hip or knee arthroplasty.

For example, the mold can help define the depth of a horizontal tibial cut for

placement of a tibial component. A tibial alignment guide, for example an

25 extramedullary or intramedullary alignment guide, used in conjunction with a

tibial mold can help find the optimal anteroposterior angulation, posterior
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slope, tibial slant, or varus-valgus angle of the tibial cut. The mold may be

designed to work In conjuctlon with traditional alignment tools known in the

art.

[00565] The mold may include markers, e.g. optoelectronic or

5 radiofrequency, for surgical navigation. The mold may have receptacles to

which such markers can be attached, either directly or via a linking member.

[00566] The molds can be used in combination with a surgical

navigation system. They can be used to register the bones associated with a

joint Into the coordinate system of tiie surgical navigation system. For

1 0 example, if a mold tor a joint surface includes tracking markers for surgical

navigation, the exact position and orientation of the bone can be detected by

the surgical navigation system after placement of the mold in its unique

position. This helps to avoid the time-consuming need to acquire the

coordinates of tens to hundreds of points on the joint surfece for registration.

15 [00567] Referring back to Fig. 25, the variable nature of the interior

piece facilitates obtaining the most accurate cut despite the level of disease of

the joint because it positions the exterior piece 2320 such that it can achieve

a cut that is perpendicular to tiie mechanical axis. Either the interior piece

2310 or the exterior piece 2320 can be fomied out of any of the materials

20 discussed above in Section 1 1, or any other suitable material. Additionally, a

person of skill in tiie art will appreciate that the invention is not limited to the

two piece configuration described herein. The reusable exterior piece 2320

and the patient specific interior piece 2310 can be a single piece tiiat is either

patient specific (where manufiacturing costs of materials support such a

25 product) or is reusable based on a library of substantially defect confomiing
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shapes developed in response to known or oommon tibial surface sizes and

defects.

[00568] The interior piece 2310 is typically molded to the tilDla including

the subchondral bone and/or the cartilage. The surgeon will typically remove

5 any residual meniscal tissue prior to applying the mold. Optionally, the interior

surface 2312 of the mold can include shape infomnation of portions or all of

the menisci.

[00569] Turning now to Fig. 2Sb-d, a variety of views of the removable

exterior piece 2320. The top surface 2322 of the exterior piece can be

10 relatively flat The lower surface 2324 which abuts the interior piece conforms

to the shape of the upper surface of the interior piece. In this illustration the

upper suriace ofthe interior piece is flat, therefore the lower surface 2324 of

the reusable exterior surface is also flat to provide an optimal mating suri'ace.

[00570] A guide plate 2326 is provided that extends along the side of at

1 5 least a portion of the exterior piece 2320. The guide plate 2326 provides one

or more slots or guides 2328 through which a saw blade can be inserted to

achieve the cut desired of the tibial surt'ace. Additionally, the slot, or guide,

can be configured so that the saw blade cuts at a line perpendicular to the

mechanical axis, or so that It cuts at a line that is perpendicular to the

20 mechanical axis, but has a 4-7° slope in the sagittal plane to match the

nomnal slope of the tibia.

[00571] Optionally, a central bore 2330 can be provided that, for

example, enables a drill to ream a hole into the bone for the stem of the tibia!

component of the knee implant.
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[00572] Figs. 25e-h illustrate the interior, patient specific, piece 2310

from a variety of perspectives. Fig. 25e shows a side view of the piece

showing the unilbrm superior surface 2314 and the unifomn side

surfaces 2316 along with the irregular inferior surface 2316. The inferior

5 surface mates with the in-egular surface of the tibia 2302. Fig. 25f illustrates a

superior view of the interior, patient, specific piece of the mold 2310.

Optionally having an aperture 2330. Fig. 25g illustrates an inferior view of the

interior patient specific mold piece 2310 further illustrating the irregular

surface which includes convex and concave portions to the surface, as

1 0 necessary to achieve optimal mating with the surface of the tibia. Fig. 25h

illustrates cross-sectional views of the interior patient specific mold

piece 2310. As can be seen in the cross-sections, the surface of the interior

surface changes along its length.

[00573] As is evident from the views shown in Fig. 25b and d, the length

15 of the guide plate 2326 can be such that it extends along all or part ofthe

tibial plateau, e.g. where the guide plate 2326 is asymmetrically positioned as

shown in Fig. 25b or symmetrical as in Fig. 23d. If total knee arthroplasty Is

contemplated, the length of the guide plate 2326 typically extends along all of

the tibial plateau. If unicompartmental arthroplasty is contemplated, the length

20 of the guide plate typically extends along the length of the compartment that

the surgeon will operate on. Similarly, if total knee arthroplasty is

contemplated, the length of the molded, interior piece 23fO typically extends

along all of the tibial plateau; it can include one or both tibial spines. If

unicompartmental arthroplasty is contemplated, the length of the molded

25 interior piece typically extends along Ihe length of the compartment that the

surgeon will operate on; it can optionally include a tibial spine.
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[00574] Turning now to Fie. 25i, an alternative embodiment Is depicted

of the aperture 2330. In this embodiment, the aperture features lateral

prcrtrusions to accommodate using a reamer or punch to create an opening in

the bone that accepts a stem having flanges.

5 [005751 Figs. 25j and M depict alternative embodiments of the invention

designed to control the movement and rotation ofthe cutting block 2320

relative to the mold 2310. As shown In FiG. 25J a series of protmsions,

Illustrated as pegs 2340, are provided that extend fr-om the superior surface of

the mold. As will be appreciated by those of sl<ill in the art, one or more pegs

10 or protrusions can be used without departing from the scope of the invention.

For purposes of illustration, two pegs have been shown in Fig. 25j.

Depending on the control desired, the pegs 2340 are configured to fit within,

for example, a curved slot 2342 that enables rotational adjustment as

illustrated in Fig. 23k or within a recess 2344 that confbnns in shape 1o the

15 peg 2340 as shown in Fks. 25l. As will be appreciated by those of skill in the

art, the recess 2344 can tie sized to snugly encompass the peg or can be

sized larger than the peg to allow limited lateral and rotational movement.

The recess can be composed of a metal or other hard insert 544.

[00576] As illustrated in Fig. 2Sm the surface of the mold 2310 can be

20 configured such that the upper surfeoe fomis a convex dome 2350 that fits

within a concave well 2352 provided on the interior surface of the cutting

block 2320. This configuration enables greater rotational movement about the

mechanical axis while limiting lateral movement or translation.

[00577] Other embodiments and configurations could be used to

25 achieve tiiese results without departing from the scope of the invention.
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[00578] As will be appreciated by those of skill in the art, more than two

pieces can be used, where appropriate, to comprise the s^tem. For example,

the patient specific interior piece 2310 can be two pieces that are configured

to form a single piece when placed on the tibia. Additionally, the exterior

5 piece 2320 can be two components. The first component can have, for

example, the cutting guide apertures 2328. After the resection using the

cutting guide aperture 2328 is made, the exterior piece 2320 can be removed

and a secondary exterior piece 2320' can be used which does not have the

guide plate 2326 with the cutting guide apertures 2328, but has the

1 0 aperture 2330 which facilitates boring into tiie tibial surface an aperture to

receive a stem of the tibial component of the knee implant. Any of these

designs could also feature the surlace configurations shown in Figs. 25j-m, if

desired.

[00579] Fig. 25n ill ustrates an alternative design of the cutting

1 5 block 2320 that provides additional structures 2360 to protect, for example,

the cruciate ligaments, from being cut during the preparation of the tibial

plateau. These additional structures can be in the form of indented

guides 2360, as shown in Fig. 25n or other suitable structures.

[005B0] Fig. 25o Illustrates a cross-section of a system having anchoring

20 pegs 2362 on the surface of the interior piece 2310 that anchor the interior

piece 2310 into the cartilage or meniscal area.

[00581] Figs. 25p and q illustrate a device 2300 configured to cover half

of a tibial plateau such that it is unicompartmental.

[00582] Fig. 25r illustrates an interior piece 2310 that has multiple

25 contact suri'aces 2312 with the tibial 2302. in accordance with one
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embodiment of the invention. As opposed to one large contact surface, the

interior piece 2310 includes a plurality of smaller contact surfaces 2312. In

various embodiments, the multiple contact surfaces 2312 are not on the

sample plane and are at angles relative to each other to ensure proper

5 positioning on the tibia 2302. Two or three contact surfaces 2312 may be

required to ensure proper positioning, in various embodiments, only the

contact surfaces 2312 of the interior piece may be molded, the molds

attached to the rest of the template using methodologies known in the art,

such as adhesives. The molds may be removably attached to the template, ft

10 is to be understood that multiple contact surfaces 2312 may be utilized in

template embodiments that include one or a plurality of pieces.

[00583] Tuming now to Fie. 26, a femoral mold system is depicted that

facilitates preparing the surface ofthe femur such that the finally implanted

femoral implant will achieve optimal mechanical and anatomical axis

15 alignment.

[00584] Fig. 26a Illustrates the femur 2400 with a first portion 2410 of

the mold placed thereon. In this depiction, the top surface of the mold 2412 is

provided with a plurality of apertures. In this instance the apertures consist of

a pair of rectangular apertures 2414, a pair of square apertures 2416. a

20 central bore aperture 2418 and a long rectangular aperture 2420. The side

surtace 2422 of the first portion 2410 also has a rectangular aperture 2424.

Each of the apertures is larger than the eventual cuts to be made on the

femur so thart, in the event the material the first portion of the mold is

manufactured from a soft material, such as plastic, it will not be inadvertently

25 cut during the joint surface preparation process. Additionally, tine shapes can

be adjusted, e.g., rectangular shapes made trapezoidal, to give a greater
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flexibility to the cut length along one area, without increasing flexibility in

another area. As \mII be appreciated by those of skill in the art, other shapes

for the apertures, or orifices, can be changed without departing from the

scope of the invention.

5 [005851 Fig. 26b illustrates a side view of the first portion 2410 Irom the

perspective of the side surface 2422 illustrating the aperture 2424. As

illustrated, the exterior surface 2411 has a unifomn surface which is flat, or

relatively flat configuration while the interior surface 2413 has an irregular

surface that confomis, or substantially confomis. with the surface of the

10 femur.

[00586] Fie 26c illustrates another side view ofthe first, patient specific

molded, portion 2410, more particulariy illustrating the In-egular surface 2413

of the interior. Fig. 26d illustrates the first portion 2410 from a top view. The

center bore aperture 2418 is optionally provided to facilitate positioning the

15 first piece and to prevent central rotation.

[00587] FIG. 26d illustrates a top view of the first portion 2410. The

bottom of the illustration corresponds to an anterior location relative to the

knee joint From the top view, each of the apertures is illustrated as described

above. As will be appreciated by those of skill in the art, the apertures can be

20 shaped differently without departing from the scope of the invention.

[00588] Turning now to Fig. 26e, the femur 2400 with a first portion 2410

of the cutting block placed on the femur and a second, exterior, portion 2440

placed over the first portion 2410 is illustrated. The second, exterior,

portion 2440 features a series of rectangular grooves (2442-2450) that

25 facilitate inserting a saw blade therethrough to make the cuts necessary to
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achieve the femur shape illustrated in Fig. 21e. These grooves can enable the

blade to access at a 90° angle to the surface of the exterior portion, or, for

example, at a 45° angle. Other angles are also possible without departing

from the scope of the invention.

5 [00589] As shown by the dashed lines, the grooves {2442-2450) of the

second portion 2440, overiay the apertures of the first layer.

[00590] Fig. 26f illustrates a side view of the second, exterior, cutting

block portion 2440. From the side view a single aperture 2450 is provided to

access the fiemur cut. Fig. 26g is another side view of the second, exterior,

1 0 portion 2440 showing the location and relative angles of the rectang ular

grooves. As evidenced from this view, the orientation of the grooves 2442,

2448 and 2450 is perpendicular to at least one surface of the second,

exterior, portion 2440. The orientation of the grooves 2444, 2446 is at an

angle that is not perpendicular to at least one surface of the second, exterior

15 portion 2440. These grooves {2444, 244$) facilitate making the angled

chamfer cuts to the femur. Fig, 26h is a top view of the second, exterior

portion 2440. As will be appreciated by those of skill in the art, the location

and orientation of the grooves will change depending upon the design of the

femoral implant and the shape required of the femur to communicate with the

20 implant.

[00591] FI6.26I ill ustrates a spacer 2401 for use between the first portion

2410 and the second portion 2440. The spacer 2401 raises the second

portion relative to the first portion, thus raising the area at which the cut

through groove 2424 is made relative to the surface of the femur. As will be

25 appreciated by those of skill in the art, more than one spacer can be
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employed without departing from the scope of the invent'on. Spacers can also

be used for making the tibial cuts. Optional grooves or channels 2403 can be

provided to accommodate, for example, pins 2460 shown in Fig. 26j.

[00592] Similar to the designs discussed above with respect to Fig, 25,

5 alternative designs can be used to control the movement and rotation of the

cutting block 2440 relative to the mold 2410. As shown in Fie. 26j a series of

protrusions, illustrated as pegs 2460, are provided that extend from the

superior surface of the mold. These pegs or protrusions can be telescoping to

facilitate the use of molds if necessary. As will be appreciated by those of skill

10 in the art, one or more pegs or protrusions can be used without departing

from the scope of the invention. For purposes of illustration, two pegs have

been shown in FiG. 26J. Depending on the control desired, the pegs 2460 are

configured to fit within, for example, a curved slot that enables rotational

adjustment similar to the slots illustrated in Fig. 25k or within a recess that

15 conforms in shape to the peg, similar to that shown in Fig. 25l and described

with respect to the tibial cutting system. As will be appreciated by those of

skill in the art, the recess 2462 can be sized to snugly encompass the peg or

can be sized larger than the peg to allow limited lateral and rotational

movement.

20 [00593] As illustrated in Fig. 26k the surface of the mold 2410 can be

configured such that the upper surface forms a convex dome 2464 that fits

within a concave well 2466 provided on the interior surlace of the cutting

block 2440. This configuration enables greater rotational movement about the

mechanical axis while limiting lateral movement or translation.
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[00594] In installing an implant, first the tibial suriace is cut using a titiial

block, such as those shown In Fig. 26. The patient specific mold is placed on

the femur. The knee is then placed in extension and spacers 2401, such as

those shown in Fig. 26M, or shims are used, if required, until the joint optimal

5 function is achieved in both extension and flexion. The spacers, or shims, are

typically of an incremental size, e.g., 5 mm thick to provide increasing

distance as the leg is placed in extension and flexion. A tensiometer can be

used to assist in this determination or can be incorporated into the mold or

spacers in order to provide optimal results. The design of tensiometers are

1 0 known in the art and are not included herein to avoid obscuring the invention.

Suitable designs include, for example, those described in U.S. Patent

5,630,820 to Todd issued May 20, 1997.

[00595] As illustrated in Figs. 26n (sagittal view) and 260 (coronal view),

the interior surface 2413 of the mold 2410 can include small teeth 2465 or

1 5 extensions that can help stabilize the mold against the cartilage 2466 or

subchondral bone 2467.

[00596] 3D guidance templates may be used to create more that one cut

on the same and/or on the opposite articular surface or opposite articular

bone, in accordance with an embodiment of the invention. These cuts may

20 be cross-referenced with other cuts using one or more guidance template(s).

[00597] In accordance with one embodiment of the invention, the 3D

guidance template(s) are utilized to perform more than one cut on the same

articular side such as the femoral side of a knee joint. In another

embodiment, a 3D guidance template may be utilized to cross reference

25 surgical interventions on an opposing articular surface. In a knee, for
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example, the first articular surface can be the femoral surface. The opposing

articular surface can be the tibial surface or the patella surface. In a hip, the

first articular surface can be the acetabulum. The opposing articular surface

or the opposing bone can be the proximal femur.

5 [00598] Thus, in a knee, a horizontal femur cut can be crDss-referenced

with an anterior or posterior femur cut or optionally also chamfer, oblique cuts.

Similarly, a tibial horizontal cut can be cre)ss-referenced with any tibial oblique

or vertical cuts on the same articular side or surface.

[00599] In accordance with another embodiment, one or more lemur

10 cuts can be crossed-referenced with one or more tibial cuts. Or, in a hip, one

or more acetabular cuts or surgical interventions can be cross-referenced with

one or nrxire femoral cuts or surgical interventions such as drilling, reaming or

boring. Simiiariy, in a knee again, one or more femur cuts can be cross-

referenced with one or more patella cuts. Any combination and order is

15 possible.

[00600] The cross-referencing can occur via attachments or linkages

including spacers or hinge or ratchet like devices from a first articular bone

and/or cartilage surface, to a second articular, bone and/or cartilage surface.

The resulting positioning of the cut on the opposing articular, bone or cartilage

20 surface can be optimized by testing the cut for multiple pose angles or joint

positions such as flexion, extension, internal or extemal rotafion, abduction or

adduction. Thus, for example, in a knee a distal lemur cut can be performed

with a mold. Via a linkage or an attachment, a tibial template may be

attached thereto or to the cut or other surgical intervention, thus a cross-

25 reference can be related from the femoral cut to a tibial cut or other surgical
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intervention. Cross-referencing from a first articular surface to a second

articular surface via, witliout {irritation, attachments or linltages to a template

has the advantage of insuring an optimal alignment between the implant or

other therapeutic device components ofthe first articular suri'ace to that on a

second articular surface. Moreover, by cross-referencing surgical

interventions on a first articular surface to a second articular surface,

improved efficiencies and time savings can be obtained with the resulted

surgical procedure.

[00601] Cross-referencing the first, the second and, optionally a third or

more articular surface, such as in a knee joint, may be perfomed with a

single linkage or attachment or multiple linkages or attachments. A single

pose angle or position of a joint or multiple pose angles or positions of a joint

may be tested and optimized during the entire surgical intervention.

Moreover, any resulting surgical inten/entions on the opposite, second

articular surface, bone or cartilage may be further optimized by optionally

cross-referencing to additional measurement tools such as standard

alignment guides.

[00602] For example, in a knee joint, a 3D template may be utilized to

peri'omri one or more surgical interventions on the femoral side, such as a

femoral cut. This can then be utilized via a linkage, an attachment or via

indirect cross-referencing directly onto the site of surgical intervention, to

guide a surgical intervention such as a cut ofthe tibial side. Prior to

performing the surgical intervention on the tibial side, a traditional tibial

alignment guide with cross-reference to the medial and lateral malleolus of

the ankle turn may be used to optimize the position, orientation and/or depth

and extent of the planned surgical intervention such as the cut. For example,
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cross-referencing to the femoral cut can aid in defining the relative superior

inferior height of the tibial cut, while crass-referencing a tibial alignment guide

can optionally be utilized to detennine the slant of the cut in the interior

posterior direction.

5 [00603] An exemplary system and methodology is now described in

which a femoral template is used to make a cut on the femur, which is then

cross-referenced to properly align a tibial template for making a cut on the

tibial plateau. Initially, an electronic image(s) of the leg is obtained using

imaging techniques elaborated in above-described embodiments. For

10 example, a pre-operative CT scan of a patienTs leg may be obtained to obtain

electronic image data.

[00604] Image processing is then applied to the image data to derive,

without limitation, relevant joint surfaces, axis, and/or cut planes. Image

processing techniques may include, without limitation, segmentation and

15 propagation of point clouds.

[006051 Relevant biomechanical and/or anatomical axis data may be

obtained by identifying, for example, the central femoral head, central knee

joint and center of the distal fWa. The cutting planes may then be defined

based on at least one ofthese axis. For example, the tibial implant bearing

20 surfiace may be defined as being perpendicular to the axis defined by the

center of the tibial plateau 2486 and the center of the distal tibia 2497, as

illustrated in Fig. 26p; the tibial implant's medial margin may project towards

the femoral head, as illustrated in Fig. 26q; and the anterior to posterior slope

of the tibia may be approximated by the natural anatomical slope

25 (alternatively, excessive tibial slope may be corrected).
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[00606] The tibial and femoral templates and implants may be designed

based, at least in part, on the derived joint surfaces, axis and/or cut planes.

Fig. 26r and 26s show isometric views of a femoral template 2470 and a

tibial template 2480, respectively, in accordance with an embodiment of the

5 invention. The femoral template 2470 has an interior surface that, in various

embodiments, conforms, or substantially confonns, with the anatomic surface

(bone and/or cartilage) of the femur 2475. Furthermore, the interior surface of

the femoral template may extend a desired amount around the anatomical

boney surfaces of the condyle to further ensure proper fixation. The interior

1 0 surlace of the tibial cutting block 2480 may conform, or substantially conform

to the surface (bone and/or cartilage) of the tibia 2481.

[00607] In an exemplary use, the femoral template 2470 is placed on the

femoral condyle 2475, for example, when the knee is flexed. The femoral

template 2470 may be fixed to the femoral condyle 2475 using, without

15 limitation, anchoring screws/drill pins inserted through drill bushing holes

2471 and 2472. The position of holes 2471 and 2472 on the condyle may be

the same used to anchor the final implant to the femur. In various

embodiments, the holes 2471 and 2472 may include metal inserts/bushings

to prevent degradation when drilling. Rxing the template 2470 to the femoral

20 condyle 2475 advantageously prevents movement of the template during

subsequent cutting or other surgical interventions thereby ensuring the

accuracy of the resultant surgical cuts.

[00608] To assist in accurately positioning the fi&moral template 2470, a

femoral guide reference too! 2473 may be attached to the femoral template

25 2470, as shown in Fig. 26t. The femoral guide reference tool 2473 may,

without limitation, attach to one of holes 2471 and 2472. The femoral guide
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reference tool 2473 may reference off the tangential margin of the posterior

condyle, and aid, far example, in correct anterior-posterior positioning ofthe

femoral template 2470.

[00609] Upon proper fixation of tiie femoral template 2470 to the femoral

5 condyle 2475, a cut to the femoral condyle is made using cut guide surface or

element 2474. The cut guide surface or element 2474 may be integral to the

femoral template 2470, or may be an attachment to the femoral template

2470, with tile attachment made of a harder material than the femoral

template 2470. For example, tiie cut guide surface or element 2474 may be a

10 metal fab that slides onto the femoral template 2470, which may be made,

without limitation, of a softer, plastic material.

[00610] Upon making the femoral cut and removing the femoral

template 2475, a sample implant template 2476 (not tiie final implant) Is

optionally positioned on the condyle, as shown in Fig. 26u, in accordance with

15 an embodiment ofthe invention. The sample implant template 2474 may be

attached to the condyle by using without limitation, anchoring screws/drill

pins Inserted tiirough the same holes used to anchor tiie final implant to the

femur.

[0061 1] The sample implant template 2476 includes an attachment

20 mechanism 2494 for attaching the tibial template 2480, thereby cross-

referencing the placement of the distal tibial cut with respect to ttie femoral

cut/implant's placement. The attachment mechanism 2494 may be, without

limitation, a boss, as shown in Fig. 26u, or otiier attachment mechanism

known in the art, such as a snap-fit mechanism. Note that in alternative

25 embodiments, a sample implant template 2476 is not required. For example,
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the tibial template 2480 may attach directly to the femoral template 2470.

However, in the subject embodiment, the drill bushing features of the femoral

template 2475 will InterfBre with the knee going into extension, preventing the

tibial cut.

5 [0061 2] In illustrative embodimente, the thickness of the sample implant

template 2476 may not only include the thickness of the final femoral implant,

but may include an additional thickness that oon-esponds to a preferred joint

space between tibial and femoral implants. For example, the additional

thickness may advantageously provide a desired joint space identified for

10 proper ligament balancing or for flexion, extension, rotation, abduction,

adduction, anteversion, retroversion and other joint or bone positions and

motion.

[0061 3] Fig. 26v is an isometric view ofthe interior surface of the

sample implant template 2476, in accordance with an embodiment of the

15 invention. In various embodiments, the femoral implant often rests on

subchondral bone, with the cart'lage being excised. In embodiments where

the sample implant template 2474 extends beyond the dimensions of the

femoral implant such that portions of the sample implant template 2476 rests

on cartilage, an offeet 2477 in the interior surface of the sample implant

20 template 2476 may be provided.

[0061 4] Fig. 26w is an isometric view of the tibial template 2480

attached to the sample implant 2476 when the knee is in extension, in

accordance with an embodiment of the invention. A crosspin 2478 inserted

through boss 2494 fixes the tibial template 2480 to the sample implant

25 template 2474. Of course, other attachment mechanisms may be used, as
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described above. In preferred embodiments, the tibial template 2480 may

also be fixed to the tibia 2481 using, without limitation, anchoring screws/drill

pins inserted through drill bushing hole 2479. In various embodiments, the

holes 2479 include metal inserts (or other hard material) to prevent

5 degradation when drilling. As with the femoral template 2475, the cut guide

surface or element of the tibial template 2480 may be integral to the tibial

template 2475, or may be an attachment to the tibial tempate 2480, the

attachment made of a harder material than the tibial template 2480. Upon

fixing the position ofthe tibial template 2480, the cut guide of the tiWal

10 template 2475 assists in guiding the desired cut on the tibia.

[0061 5] Fig. 26x shows a tibial template 2490 that may be used, after

the tibial cut has been made, to further guide surgical tools in forming

anchoring aperiures in the tibia Ibr utilization by the tibial implant (e.g., the

tibial implant may include pegs and/or keels that are used to anchor the tibial

15 implant into the tibia), in accordance with an embodiment of the invention.

The outer perimeter of a portion ofthe tibial template 2490 may mimic the

perimeter of the tibial implant. Guide apertures in the tibial template 2490

correspond to the tibial implants fixation features. A portion of the tibial

template 2490 conforms to, without limitation, the anterior surface of the tibia

20 to facilitate positioning and anchoring of the template 2490.

[0061 6] Fig. 26yshows a tibial implant 2425 and femoral implant 2426

inserted onto the tibia and femur, respeclively, after the above-described cuts

have been made, in accordance with an embodiment ofthe invention.

[00617] Thus, the tibial template 2480 used on the tibia can be aoss-

25 referenced to the femoral template 2476, femoral cut and/or sample implant
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2474. Similarly, in tlie hip, femoral templates can be placed in reference to

an acetabular mold or vice versa, in general, when two or more articular

surfaces will be repaired or replaced, a template can be placed on one or

more of them and surgical procedures Including cutting, drilling, sawing or

5 rasping can be perfomied on the other surface or other surfaces In reference

to said first surlace(s).

[0061 ff| In illustrative embodiments, three-dimensional guidance

templates may be utilized to determine an optimized implant rotation.

Examples are provided below with reference to the knee, however it is to be

10 understood that optimizing implant rotation may be applied other joints as

well.

Femoral Rotation:

[0061 9] The optimal rotation of a femoral component or femoral implant

for a uni-compartmental, patello femoral replacement or total knee

15 replacement may be ascertained in a number of different ways. Implant

rotation is typically defined using various anatomic axes or planes. These

anatomic axes may include, without limitation, the transepicondylar axis; the

Whiteside line, i.e. the trochlea anteroposterior axis, which is lypically

perpendicular to at least one of the cuts; and/or the posterior condylar axis.

20 Another approach for optimizing femoral component rotation is a so-called

balancing gap technique. With the balancing gap technique, a femoral cut is

made parallel to the tibia, i.e. the tibia is cut first typically. Prior to perfomning

the femoral cut, the femoral cut plate is optimized so that the medial and

lateral ligament and soft tissue tension are approximately equal.
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[00620] By measuring the relevant anatomic axis or planes, the optimal

implant rotation may be determined. The measurement may be factored into

the shape, position or orientation of the 3D guidance template, in accordance

with an embodiment of the invention. Any resultant surgical interventions

5 including cuts, drilling.or sawings are then made incorporating this

measurement ,
thereby achieving an optimal fismoral component rotation.

[00621] Moreover in order to achieve an optimal balancing, the rotation

of the template may be changed so that the cuts are parallel to the tibial cut

with substantially equal tension medially and laterally applied .

10 Tibial Rotation:

[00622] A 3D guidance template may also be utilized to optimize tibial

component rotation for uni-compartmentai or total knee replacements, in

accordance with an embodiment of the invention. Tibial component rotation

may be measured using a numt»er of different approaches l<nown in the art.

15 In one example of a tibial component rotation measurement, the

anteroposterior axis of the tibia is detennined. For a total knee replacement,

the tibial component can be placed so that the axis of the implant coincides

with the medial one-third of the tibial tuberosity. This approach works well

when the tibia is symmetrical.

20 [00623] In another embodiment, the symmetrical tibial component is

placed as far as possible posterolateral and externally rotated so that the

posteromedial corner of the tibial plateau is uncovered to an extent of

between three (3) and five (5) millimeters.

[0Q624] The above examples are only representative of the different

25 approaches that have been developed in the literature. Clearly, other various
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anatomic axis, plane and area measurements may be perfomned in order to

optimize implant rotation.

[00625] In illustrative embodiments, these measurements may be

factored into the design of a 3D guidance template and the position, shape or

5 orientation of the 3D guidance template may be optimized utilizing this

inlbrmation. Thus, any subsequent surgical intervention such as cutting,

sawing and/or drilling will result in an optimized implant nstation, for example,

in the horizontal or in a near horizontal plane.

[00626] Turning now to Fig. 27, a variety of illustrations are provided

10 showing a patellar cutting block and mold system. Fios. 27A-C illustrates the

patellar cutting block 2700 in conjunction with a patella 2702 that has not

been resected. In this depiction, the cutting block 2700 can consist of only

one piece or a plurality of pieces, if desired. The inner surface 2703 is patient

specific and designed to mate, or substantially mate, with the existing

15 geography of the patient's patella 2702. Small openings are present 2707 to

accept the saw. The mold or block can have only one or multiple openings.

The openings can be larger than the saw in order to allow for some rotation or

other fine adjustments. Fig. 27a is a view in the sagittal plane S. The

quadriceps tendon 2704 and patellar tendon 2705 are shown.

20 [00627] Fig. 27b is a view in the axial plane A. The cartilage 2706 is

shown. The moid can be molded to the cartilage or the subchondral bone or

combinations thereof. Fig. 27c is a frontal view F of the mold demonstrating

the opening for the saw 2707. The dashed line indicates the relative position

ofthe patella 2702.
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[0062SI Figs. 27d (sagittal view) and E (axial view) illustrate a patellar

cutting block 2708 in conjunction with a patella 2702 that has not been

resected. In this depiction, the cutting block 2708 consists of at least two

pieces. The first piece is a patient specific interior piece 2710 or mold that is

5 designed on Its inferior surface 2712 to mate, or substantially mate, with the

existing geography of the patents patella 2702, The posterior surface 2714

and side surfaces 27f6 of the first piece 2710 are configured to mate within

the interior of an exterior piece 2720. The reusable exterior piece 2720 fits

over the interior piece 27f0 and holds it onto the patella. The reusable

10 exterior piece has an interior surface 2724 that mates with the first

piece 27f0. The reusable exterior piece 2720 includes cutting guides 2707,

to assist the surgeon in performing the patellar surface cut. A plurality of

cutting guides can be provided to provide the surgeon a variety of locations to

choose from in making the patellar cut. If necessary, additional spacers can

15 be provided that fit between the first patient configured, or molded, piece

2710 and the second reusable exterior piece, or cutting block, 2720.

[00629] The second reusable exterior piece, or cutting block, 2720, can

have grooves 2722 and extensions 2725 designed to mate with surgical

instruments such as a patellar clamp 2726. The patellar clamp 2726 can have

20 ring shaped graspers 2728 and locking mechanisms, for example ratchet-

like 2730. The opening 2732 in the grasper fits onto the extension 2725 of the

second reusable exterior piece 2720. Portions of a first portion of the handle

of the grasper can be at an oblique angle 2734 relative to the second portion

of the handle, or curved (not shown), in order to facilitate insertion. Typically

25 the portion of the grasper that will be facing towards the intra-articular side will

have an oblique or cun/ed shaped thereby allowing a slightly smaller incision.
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[00630] The variable nature of the interior piece facilitates obtaining the

most accurate cut despite the level of disease of the joint because it positions

the exterior piece 2720 in the desired plane. Either the interior piece 2710 or

the exterior piece 2720 can befonned out of any of the materials discussed

above in Section 11, or any other suitable material. Additionally, a person of

skill in the art will appreciate that the invention is not limited to the two piece

configuration described herein. The reusable exterior piece 2720 and the

patient specific interior piece 2710 can be a single piece that is either patient

specific (where manufacturing costs of materials support such a product) or is

reusable based on a library of substantially defect conforming shapes

developed in response to known or common tibial surface sizes and defects.

[00631] The interior piece 2710 is typically molded to the patella

including the subchondral bone and/or the cartilage.

[00632] From this detennination, an understanding ofthe amount of

space needed to balance the knee is determined and an appropriate number

of spacers is then used in conjunction with the cutting block and mold to

achieve the cutting surfaces and to prevent removal of too much bone. Where
the cutting block has a thickness of, for example, 10 mm, and each spacer

has a thickness of 5 mm, in preparing the knee Ibr cuts, two of the spacers

would be removed when applying the cutting block Id achieve the cutting

planes identified as optimal during flexion and extension. Similar results can

be achieved witii ratchet or jack like designs interposed between the mold

and the cut guide.

[00633] vii. Hip Joint
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[00634] Turning now to Fig. 28, a variety of views showing sample mold

and cutting block systems for use In the hip joint are shown. Fks. 28a

illustrates femur 25^0 with a mold and cutting block system 2520 placed to

provide a cutting plane 2530 across ttie femoral neck 2512to facilitate

removal of the head 2514 of the femur and creation of a surface 2516 for the

hip ball prosthesis.

[006351 Fig. 28b illustrates a top view of the cutting block system 2520.

The cutting block system 2520 includes an interior, patient specific, molded

section 2524 and an exterior cutting block surface 2522. The interior, patient

specific, molded section 2524 can include a canal 2526 to facilitate placing

the interior section 2524 over the neck of ttie femur. As will be appreciated by

those of skill in the art, the width of the canal will vary depending upon the

rigidity of the material used to make the interior molded section. The exterior

cutting block surface 2522 is configured to fit snugly around the interior

section. Additional structures can be provided, similar to ttiose described

above with respect to the knee cutting block system, that control movement of

the exterior cutting block 2524 relative to interior mold section 2522, as will be

appreciated by those of skill in the art. Where the interior section 2524

encompasses all or part of the femoral neck, the cutting block system can be

configured such that it aids in removal of the femoral head once the cut has

been made by, for example, providing a handle 2501.

[00636] Fie. 28c illustrates a second cutting block system 2550 that can

be placed over the cut femur to provide a guide for reaming after the femoral

head has been removed using the cutting block shown in Fig. 28a. Fig. 28d is

a top view of the cutting block shown in Fig. 28c. As will be appreciated by

those of skill in the art, the cutting block shown in Fig. 28c-d, can be one or
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more pieces. As shown in Fig, 28e, the aperture 2552 can be configured such

that it enables the reaming for the post of the implant to be at a 90 ° angle

relative to the surface offemur. Altematively, as shown in Fks. 28f, the

aperture 2552 can be configured to provide an angle other than 90° for

5 reaming, if desired.

[00637] Figs. 29a (sagittal view) and 29b (frontal view, down onto mold)

illustrates a mold system 2955 for the acetabulum 2957. The mold can have

grooves 2959 that stabilize it against the acetabular rim 2960. Surgical

instmments, e.g. reamers, can be passed through an opening in the

10 mold 2956. The side wall of the opening 2962 can guide the direction of the

reamer or other surgical instruments. Metal sleeves 2964 can be inserted into

the side wall 2962 thereby protecting the side wall ofthe mold from damage.

The metal sleeves 2964 can have lips 2966 or overhanging edges that secure

the sleeve against the mold and help avoid movement of the sleeve against

15 the articular surface.

[006381 Fig. 29c is a frontal view of the same mold system shown in

Figs. 29a and 29b. A groove 2970 has been added at ttie 6 and 12 o'clock

positions. The groove can be used for accurate positioning or placement of

surgical instmments. Moreover, the groove can be useful for accurate

20 placement of the acetabular component without rotational error. Someone

skilled in the art will recognize that more than one groove or intemal guide

can be used in order to not only reduce rotational error but also en-or related

to tilting of the implant. As seen Fig 29d, the implant 2975 can have little

extensions 2977 matching the grooves thereby guiding the implant

25 placement. The extensions 2977 can be a pemianent part of the implant
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design or they can be detachable. Note metal rim 2979 and inner

polyethylene cup2980 of the acetabular component.

[00639] Fig. 29d illustrates a cross-section of a system where the interior

surface 2960 of the molded section 2924 has teeth 2962 or grooves to

5 facilitate grasping the neck of the femur.

[00640] Various steps may be perfomied in order to design and make

3D guidance templates for hip implants, in accordance with an embodiment of

the invention.

[00641] For example, in an initial step, a discrepancy in the length of the

10 left leg and right leg may be determined, for example, in millimeters. Leg

length discrepancy may be determined, for example, using standing x-rays,

typically including the entire leg but also cross-sectional imaging modalities

such as CT or MR!.

[00642] A CT scout scan may be utilized to estimate leg length.

5 Alternatively, select image slices through the hip and ankle joint may be

utilized to estimate leg lengtii either using CT or MRI.

[00643] Pre-operative planning is then perfonned using the image data.

A first 3D guidance template is designed to rest on the femoral neck. Fig, 43

shows an example of an intended site 4300 for placement of a femoral neck

0 mold for total hip arthroplasty A cut or saw plane integrated into this template

can be derived. The position, shape and orientation of the 3D guidance mold

or jig or template may be determined on the basis of anatomical axis such as

the femoral neck axis, the biomechanical axis and/or also any underlying leg

length discrepancy (Fig. 39). Specifically, the superoinferior cut or saw guide

5 height can be adapted to account for leg length discrepancy. For example, if
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the left leg Is five (5) millimeters shorter than the right leg, then the out height

can be moved by five (5) millimeters to account for this difference. The

femoral neck cut height ultimately determines the position of the femoral

stem. Thus, in this manner, using this type of pre-operative planning, the

5 femoral neck cut height can be optimized using a 3D guidance template.

[00644] Fi6, 39 is a flow diagram of a method wherein measurement of

leg length discrepancy can be utilized to detemiine the optimal cut height of

the femoral neck cut for total hip arthroplasty. Initially, imaging is performed,

e.g. CT and /or MRI, through, without limitation, the hip, knee and ankle joint,

1 0 step 3902. Leg length discrepancy is detennined. using the imaging data

obtained, step 3904. The preferred implant size may then be optionally

detennined, step 3906. The prefen'ed femoral neck cut position is detemriined

based, at least in part, on correcting the leg length discrepancy for optimal

femoral component placement.

15 [00645] Fig. 44 shows another example of a femoral neck mold 4400

with handle 4410 and optional slot 4420.

Acetabulum:

[00646] In the acetabulum, the position and orientation of the acetabular

component or acetabular cup is also critical for the success of hip surgery.

20 For example, the lowest portion of the acetabular cup may be placed so that it

is five (5) millimeters lateral to an anatomic landmark on a pelvic x-ray

coinciding with the inferior border of the radiographic tear drop. If the

acetabular component is, for example, placed too far superioriy, significant

bone may be lost.
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[00647] Placing the acetabular component using the 3D guidance

template may include, tor example, the fbliowing steps:

[00648] Step One: Imaging, e.g. using optical Imaging methods, CT
orMRI.

5 [00649] Step Two: Determining the anterior rotation of the

acetabulum and the desired rotation of the acetabular cup.

[00650] Step Three: Find best fitting cup size.

[00651] Step Four: Determine optimal shape, orientation and/or

position of 3D guidance template.

10 [00652] The template may be optionally designed to rest primarily on the

margin of the acetabular tbssa. In this manner, it is possible to ream through

the template.

[00653] Fig. 45 shows an example of a posterior acetabular approach

for total hip replacement. Tissue retractors 4510 are in place. The acetabular

15 fossa is visible 4520.

[00654] Fig. 46 shows an example of a guidance mold used for reaming

the site for an acetabular cup. The mold 4600 can be optionally attached to a

generic fr^ame 4610. A guide for the reamer is shown 4620 . The reamer 4630

or the mold can have optional stops 4640. In this example, the stops 4640 are

20 attached to the reamer 4630 and engage the guide 4620 for the reamer.

[00655] For purposes of reaming, the template may be fixed to the

pelvis, for example, using metal spikes or K-wires. The template may also

have a grip for fixing it to the bone. Thus, a surgeon may optionally press the

template against tiie bone while a second surgeon will peribnn the reaming
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through the opening in the template. The grip or any stabilizers can extend

laterally, and optionally serve as tissue retractors, keefMng any potentially

interfering soft tissue out of the surgical field. The template may also include

stoppers 4640 to avoid over penetration ofthe reamer. These stoppers may

5 be designed in the fonri of metal stops defi ning the deepest penetration area

for the peripheral portion or other portions of the reamer. Optionally, the

template may also taper and decrease in inner radius thereby creating a stop

once the reamer once the reaches the innermost portion of the template. Any

stop known in the art can be used. The imaging test can be used to design or

10 shape the mold in a manner that will help achieve the optimal reaming depth.

The stops can be placed on the mold or reamer in reference to the imaging

test in order to achieve the optional reaming depth.

[00656] A 3D guidance template may be utilized to optimize the

anteversion of the acetabular cup. For example, with the posteral lateral

15 approach, typically an anteversion of forty to forty-five degrees is de^red in

both males and females. With an anterolateral approach, zero degrees

anteversion may be desired. Irrespective of the desired degree of anti-

version, the shape, orientation and/or position of the template may be

optimized to include the desired degree of anteversion.

20 [00657] Similarly, on the femoral side, the 3D guidance template may be

optimized with regard to its shape, orientation and position in order to account

for neutral, varus or valgus position of the femoral shaft. A 3D guidance

template may also be utilized to optimize femoral shaft anteversion.

[00658] Thus, after a first template has been utilized for performing the

25 femoral neck cut and a second template has been utilized for performing the
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surgical intervention on the acetabular side, a third template may optionally

be utilized to be placed onto the femoral cut.

[00659] Fi6. 47 shows an example of an optional third mold 4700,

placed on the femoral neck cut, providing and estimate of arrteversion and

longitudinal femoral axis.

[00660] The third template may optionally include a handle. The third

template may be shaped, designed, oriented and/or positioned so that it is

optimized to provide the surgeon with information and reference points for the

long axis of the femur 4710 and femoral anteversion 4720. A broach 4730

with broach handle 4740 is seen in place. The cut femoral neck 4750 is seen.

The third mold 4700 attaches to it. By providing information on the long axis

of the femur and femoral anteversion, an intra-operative x-ray can be saved

which would otherwise be necessitated in order to obtain this information.

[00661] Optionally, modular hip implant components may be utilized

such as a modular stem. Such modular designs can be helpful in further

optimizing the resultant femoral anteversion by selecting, for example,

different stem shapes.

[00662] In another embodiment, the surgeon may perform a femur first

technique wherein a first cut is applied to the femur using a first 3D guidance

mold. Optionally, the broach in the cut femoral shaft may be left in place.

Optionally, a trial implant head may be applied to the broach. The trial

implant head may be variable in radius and superoinferior diameter and may
be utilized to detemnine the optimal soft tissue tension. Optionally, the trial

head may also be utilized to detennlne the acetabular cup position wherein

said acetabular cup posrtion is derived on the basis of the femoral cut. Thus,
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the acetabular position can be optionally derived using the opposite articular

surface, in a reverse acetabulum first technique, the acetabulum can be

prepared first and, using soft tissue balancing techniques, the femoral

component can be placed in reference to the acetabular component.

Optionally, the femoral cut may even be placed intentionally too proximal and

is subsequently optimized by measuring soft tissue tension utilizing various

trial heads with the option to then change the height of the optimal femoral

cut.

[00663] Positioning of Template

[00664] In an illustrative embodiment of the invention, in order to make a

guidance template reliably and reprodudbly, a portion of the joint is identified

in a first step wherein said pori:ion ofthe joint has not been altered by the

arthritic process. In a second step, the surface or a point cloud of said portion

of the joint is derived, and may, optionally, be used to derive a virtual 3D
model and, in a fliird step, to generate a physical model as part ofthe

guidance template. Using a portion of the joint that has not been altered by

the arthritic process can advantageously improve the reproducibility and the

accuracy of the resultant mold or jig or template.

[00665] The step of identilying said portion of the joint may be visual,

semiautomatic or fully automatic. Anatomic models may assist in the process.

Anatomic reference standards may be utilized.

[00666} As known in the art, various methods for image segmentation

may be used to derive the point cloud or the suriace. Suitable algorithms

include, for example, but are not limited to snakes, live wire, thresholding,
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active contours, deformable models and the like. Artificial neural networks

may be employed to Improve the accuracy of the molds.

[00667] In another embodiment, the current biomechanical axis may
determined or estimated in a first step. In a second step, the desired

biomechanical axis is determined. In a third step adjustments, for example via

change in slot position or position for openings for saws and drills and the

like, may be made to alter the cut or drill position in order to conect the

biomechanical axis in a fourth step. In a fiflh step, the position of the slot or

openings for saws and drills and the like may be adjusted for ligament

balancing and/or for optimizing flexion and extension gap. TNs adjustment

may be peribmned in the 3D model prior to the manufacturing process.

Alternatively, adjustments may be made intraoperatively, for example via

spacers or ratchet like devices or pins to allow for some degree of rotation.

[00668] In another embodiment, at least a portion of the surface of the

mold or jig or template is derived from a portion of the joint that is affected by

the arthritic process. Optionally, adjustment means can be performed, for

example via the software, to simulate a nomrial shape. The difference

between the actual shape and the adjusted shape can be utilized the optimize

the position of the slots or openings in the moid or template or jig.

[00669] In a prefered embodiment, at least a portion of the surface of

the mold orjig or template that is in contact with the joint may be derived fi-om

a portion of the joint that is affected by the arthritc process and a portion of

the joint that has not been altered by the arthritic process. By spanning both

nomnal and diseased portions of the joint, the interiiace between normal and

diseased portions of the joint is included in the suriace of the mold. The
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interface between normal and diseased portions of the joint is typically

characterized by a sudden change in contour or shape, e.g. a reducfion In

cartilage thickness, a change in subchondral bone contour, a cyst or a bone

spur. This change in joint contour or shape provides addilional reference

points for accurately placing the mold or jig or template. In addition, this

change in joint contour or shape provides also additional stabilization or

fixation of the mold or jig or template on the surface of the joint, in particular

while perfomning surgical interventions such as cutting, drilling or sawing,

vlii. Patellar Template

[006701 FIG. 48A illustrates a patella 4800 having a patellar ridge 4802,

patellar facets 4804, 4804. Also depicted are the superior 4810, inferior 4812,

lateral 4814, and medial 4816 surfaces.

[006711 FIG. 48B illustrates a mold drill guide 4820 from the perspective

of the patella matching surface 4822. The mold drill guide 4820 is configured

so that it Is substantially a round cylinder. However, other shapes can be

employed without departing from the scope of the invention. Such shapes can

be strictly geometrical, e.g. ovoid, or non-geometrical.

The patella matching surface 4822 has an articular surlaces that matches, or

closely conforms to, the surface of the patella. The design is proposed such

that the guide is molded to precisely fit the anatomy of the articular surface of

the patella for each patient, thus providing precise location of the patella

planing needed. As will be appreciated by those of skill in the ari:, while an

exact or precise fit is desired, deviations from a precise fit can occur without

departing from the scope of the invention. Thus, it is anticipated that a certain

amount of en-or in the design can be tolerated.
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FIG. 48C illustrates the guide 4820 from the opposite perspective. The planar

guide surface or element 4824 is depicted as flat, or sulDStantially flat.

However, as will be appreciated by those of skill in the art, other surface

configurations can be employed without departing from the scope of the

5 invention. Both FIGS. 48A and B depict apertures 4830, 4832. A central

aperture 4830 is provided that accommodates, for example, a 1/8 drill bit. The

central aperture 4830 can be located such that it is centered within the guide,

off-centered, or slightly off-centered, without departing from the scope of the

invention. An off-center or slightly off-center configure could be used with the

10 round cylindrical configuration, but could also be used with the other

configurations as well. One or more additional apertures 4832 can be

provided to enable peg holes to be drilled. The apertures 4832 can be

configured to have a larger diameter as the first aperture 4830, a smaller

diameter, or an identical diameter.

15 As shown in FIG. 48D the mold drill guide is fitted onto the articular suri=aoe of

the patella. Because the articular facing suriace (shown in FIG. 48A) is

configured to match or substantially match the articular suriace of the patella,

the drill guide mates with the patellar surface to enable the drill holes to line-

up in the desired place for the implant. FIG. 48E illustrates the mold drill guide

20 fitted onto the articular surtaoe of the patella with a 1 /8" drill 4850 positioned

within the central aperture 4830.

Once a central aperture 4818 has been formed into the patella, a patella

reamer 4860 is used to resuriace the patella 4800. The reamer 4860 has a

guide 4862, which fits within the aperture 4818, and a reamer 4864 having a

25 planing surt'ace or blade surface 1066.
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Turning to FIG. 49Athe reamer 1060 is shown. The planing surface 1066 has

is configured to provide dual planing surfaces in order to recess the patella

and clear sun^ounding bone. Providing dual planing surfaces helps to insure

poly-metal articulation only. FIG. 49B illustrates the reamer relative to a

5 patella. An area is prepared 1 062 for a 30 mm patella insert, and a

surnaunding area 1061 is reamed.

[00672] FIG. 60A illustrates a patella implant 5000. The inferior surface

of the implant 5000, has one or more pegs 5010. In this instance, the inferior

surface 5002 is depicted with three pegs 5010. The implant 5000 is

10 positioned on a patella as shown In FIG. 50C such that a protuberance 5020

on the superior surface 5004 of the implant is positioned approximately at the

apex of the natural patella. FIGS. 50D-F illustrate the implant superimposed

within a patella, more clearly showing the protuberance con-esponding to the

apex of the natural patella.

15

B. Small, focal cartilage defect

[006731 After identification ofthe cartilage defect and marking of the skin

surfece using the proprietary U-shaped cartilage defect locator device as

described herein, a 3 cm incision is placed and the tissue reti^ctons are

20 inserted. The cartilage defect is visualized.

[00674] A fi rst Ludte block matching the 3D surface of the femoral

condyle is placed over the cartilage defect. The central portion ofthe Lucite

block contains a drill hole with an inner diameter of, for example, 1 .5 cm,

corresponding to the diameter of the base plate of the Implant. A standard

25 surgical drill with a drill guide for depth control is inserted through the Lucite
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block, and the recipient site is prepared for the base component of the

implant. The drill and the Lucite block are then removed.

[00675] A second Lucite block of identical outer dimensions is then

placed over the implant recipient site. The second Lucite block has a

5 rounded, cylindrical extension matching the size of the first drill hole (and

matching the shape of the base component of the implant), with a diameter

0.1 mm smallerthan the first drill hole and 0.2 mm smaller than that of the

base of the implant. The cylindrical extension is placed inside the first drill

hole.

10 [006761 The second Lucite block contains a drill hole extending from the

exlemal surface ofthe block to the cylindrical extension. The inner diameter

of the second drill hole matches the diameter of the distal portion of the fin-

shaped stabilizer stmt of the implant, e.g. 3 mm. A drill, e.g. with 3 mm
diameter, with a drill guide fiDr depth control is inserted into the second hole

15 and the recipient site is prepared for the stabilizer strut with a four fin and step

design. The drill and the Lucite block are then removed.

[00677] A plastic model/trial implant matching the 3-D shape of the final

implant with a diameter of the base component of 0.2 mm less than that of the

final implant and a cylindrical rather than tapered strut stabilizer with a

20 diameter of 0.1 mm less than the distal portion of the final implant is then

placed inside the cartilage defect. The plastic model/trial implant is used to

confimn alignment ofthe implant surface with the suniounding cartilage. The

surgeon then performs final adjustments.

[00678] The Implant is subsequently placed inside the recipient site. The

25 anterior fin of the implant is mari<ed with red color and labeled "A." The
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posterior fin is marked green with a label "P" and the medial fin is color coded

yellow with a label "M." The Ludte block is then placed over the implant. A
plastic hammer is utilized to advance the implant slowly into the recipient site.

A press fit is achieved with help of the tapered and four fin design of the strut,

5 as well as the slightly greater diameter (0.1 mm) of the base component

relative to the drill hole. The Lucite block is removed. The tissue retractors

are then removed. Standard surgical technique is used to dose the 3 cm

incision. The same procedure described above for the medial femoral

condyle can also be applied to the lateral femoral condyle, the medial tibial

1 0 plateau, the lateral tibial plateau and the patella. Immediate stabilization of

the device can be achieved by combining it with bone cement if desired.

[00679] IV. Kits

[00680] Also described herein are kits comprising one or more ofthe

methods, systems and/or compositions described herein. In particular, a kit

15 can include one or more of the following: instructions (methods) of obtaining

electronic images; systems or instructions for evaluating electronic images;

one or more computer means capable of analyzing or processing the

electronic images; and/or one or more surgical tools for implanting an articular

repair system. The kits can include other materials, for example, instmctions,

20 reagents, containers and/or i maging aids (e.g., films, holders, digitizere, etc.).

[00681] The following examples are Included to more fully illustrate the

present invention. Additionally, these examples provide prefered

embodiments of the invention and are not meant to limit the scope thereof.
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[00682] Example 1: Design and construction of a three-dimensional

articular repair system

[00683] Areas of cartilage are imaged as described herein to detect

areas of cartilage loss and/or diseased cartilage. The mangins and shape of

the cartilage and subchondral bone adjacent to the diseased areas are

determined. The thickness of the cartilage is determined. The size of the

articular repair system is determined based on the above measurements.

(Rgs. 1 2-14). In particular, the repair system is either selected (based on

best fit) fi-om a catalogue of existing, pre-made implants with a range of

different sizes and curvatures or custom-designed using CAD/CAM
technology. The library of existing shapes is typically on the order of about 30

sizes.

[00684] The implant is a chromium cobalt implant (see also Figures 12-

14 and 17-19). The articular surface is polished and the external dimensions

slightly greater than the area of diseased cartilage. The shape is adapted to

achieve perfect or near perfect joint congruity utilizing shape inibrmation of

surrounding cartilage and underlying subchondral bone. Other design

features of the implant can include: a slanted (60- to 70-degree angle)

interface to adjacent cartilage; a bnaad-based base component for depth

control; a press fit design of base component; a porous coating of base

component for ingrowth of bone and rigid stabilization; a dual peg design for

large defects implant stabilization, also porous coated (Fig. 12A); a single

stabilizer strut with tapered, four fin and step design for small, focal defects,

also porous coated (Fig. 12B); and a design applicable to femoral resurfacing

(convex external surface) and tibial resurfacing (concave external surface).
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[00685] Example 2: Minimally invasive, Artiiroscopically Assisted

Surgical Technique

[00686] The articular repair systems are inserted using arthroscopic

assistance. The device does not require the 15 to 30 cm incision utilized in

unicompartmental and total knee arthroplasties. The procedure is perfomned

under regional anesthesia, typically epidural anesthesia. The surgeon can

apply a tourniquet on the upper thigh of the patient to restrict the blood flow to

the knee during the procedure. The leg is prepped and draped in sterile

technique. A stylelte is used to create two small 2 mm ports at the

anteromedial and the anterolateral aspect of the joint using classical

arthroscopic technique. The arthroscope is inserted via the lateral port. The

arthroscopic instruments are inserted via the medial port. The cartilage

defect is visualized using the arthroscope. A cartilage defect locator device is

placed inside the diseased cartilage. The probe has a U-shape, with the first

arm touching the center ofthe area of diseased cartilage inside the joint and

the second ann of the U remaining outside the joint. The second amn of the U

indicates the position of the cartilage relative to the skin. The surgeon marks

the position of the cartilage defect on the skin. A 3 cm incision is created over

the defect. Tissue retractors are inserted and the defect is visualized.

[00687] A translucent Lucite block matching the 3D shape of the

adjacent cartilage and the cartilage defect is placed over the cartilage defect

(Fig. 13). For larger defects, the Lucite block includes a lateral slot for

insertion of a saw. The saw is inserted and a straight cut is made across the

articular suriace. removing an area slightly larger than the diseased cartilage.

The center of the Lucite block contains two drill holes with a 7.2 mm diameter.

A 7.1 mm drill with drill guide controlling the depth of tissue penetration is
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inserted via the drill hole. Holes for Ihe cylindrical pegs of the implant are

created. The drill and the Lucite block are subsequently removed.

[00688] A plastic model/trial implant of the mini-repair system matching

the outer dimensions of the implant is then inserted. The trial implant is

5 utilized to confirm anatomic placement of the actual implant. If indicated, the

surgeon can make smaller adjustments at this point to improve the match,

e.g. slight expansion ofthe drill holes or adjustment of the cut plane.

[00689] The implant is then inserted with the pegs pointing into the drill

holes. Anterior and posterior positions of the implant are color-coded;

10 specifically the anterior peg Is mari<ed with a red color and a small letter"A",

while the posterior peg has a green color and a small letterT". Similariy, the

medial aspect of the implant is color-coded yellow and marked with a small

letter "M" and the lateral aspect of the implant is marited with a small letter

"L". The Lucite block is then placed on the ejrternal suriiace of the implant and

15 a plastic hammer is used to gentiy advance the pegs into the drill holes. The

pegs are designed to achieve a press fit.

[00690] The same technique can be applied in the tibia. The implant has

a concave articular suriace matching the 3D shape of the tibial plateau.

Immediate stabilization of the device can be achieved by combining it with

20 bone cement if desired.

[00691] The foregoing description of embodi ments of the present

invention has been provided for the purposes of illustration and description. It

is not intended to be exhaustive or to limit the invention to the precise forms

disclosed. Many modifications and variations will be apparent to the

25 practitioner skilled i n tiie art. The embodiments were chosen and described
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in order to best explain tlie principles of the invention and its practical

application, thereby enabling others skilled in the art to underetand the

invention and the various embodiments and with various modifications that

are suited to the pariiicular use contemplated. It is intended that the scope of

the invention be defined by the following claims equivalents tiiereof.
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What is claimed is:

1 . A system for joint arthroplasty, the system comprising:

a first template, the first template including:

5 at least one surface for engaging a first surface of a joint, the

surface being a mirror image of portions or all of the first surface; and

at least one guide for directing movement of a surgical

instrument; and

a linkage for cross-referencing at least one surgical tool relative to said

1 0 guide and relative to one of an anatomical and a biomechanical axis.

2. The system according to claim 1 , wherein the surgical tool is a second

template, the second template including at least one guide for directing

movement of a surgical instrument.

15

3. The system according to claim 2, wherein the second template includes a

surface that is a mirror image of a second surface of the joint.

4. The system according to claim 3, wherein the second joint surface

20 opposes the first joint surface.

5. The system according to clam 2, wherein the at least one guide of the

second template directs the surgical instrument in at least one of a cut, a

milling, and a drilling oriented in a predefined location relative to said first

25 template and adapted in shape, size or orientation to an implant shape.
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6. The system according to claim 1 , wherein the shape and/or position of the

at least one guide of the first template is based, at least In part on one or

more axis related to said joint.

5 7. The system according to claim 1 , wherein the linkage is an attachment

mechanism.

8. The system according to claim 1 , wherein the attachment mechanism

causes the first template to directly contact the at least one surgical tool.

10 9. The system according to claim 1 , wherein the attachment mechanism

attaches the first template and the at least one surgical tool such that the first

template and the at least one surgical tool do not directly contact each other.

10.The system according to claim 1 , wherein the linkage allows for rotation

1 5 relative to one of an anatomical and a biomechanical axis.

1 1 .The system according to claim 1 , wherein the first template includes a

removably attached block, the block including the at least one guide of the

first template.

20

12.A system for joint arthroplasty, the system comprising:

a first template, the first template including:

at least one surface for engaging a first surface of a joint, the

surface being a mirror image of portions or all of the first surface; and

25 at least one guide for directing movement of a surgical

instrument; and
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a linkage for cross-referencing at least one surgical tool on a second

surface of the joint opposing the first surface.

13.A system for joint arthroplasty, the system comprising:

a first template, the first template including:

at least one first template surface for engaging a first surface of

a joint, the first template surface being a mirror image of portions or all of the

first surface; and

at least one guide for directing movement of a surgical

instrument;

a second template, the second template including:

at least one second template surface for engaging a second

surface of a joint, the second template being a mirror image of portions or all

of the second surface; and

at least one guide for directing movement of a surgical

instrument; and

a linl<age for cross-referencing the first template and the second

template.

14.A system for joint arthroplasty, the system comprising:

a first template, the first template including:

at least one surface for engaging a first surface of a joint, the

surface being a mirror image of portions or all of the first surface; and

at least one guide for directing movement of a surgical

instrument; and

a linkage for cross-refierencing at least one surgical tool, wherein the
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linkage allows for rotation relative to one of an anatomical and a

biomechanical axis.

15.A method of joint arthroplasty, the method comprising:

positioning at least one contact surface of a first template onto a first

surface of a joint;

cross-referencing a second template to the first template to align

position of the second template on a second surface of the joint, the second

template including at least one guide; and

directing movement of the surgical instrument using the at least one

guide of the second template relative to said guide and relative to one of an

anatomical and a biomechanical axis.

16.The method according to claim 15, wherein the at least one contact

surface of the first template is substantially a mirror image of the first surface.

17.The method according to daim 16, further comprising:

obtaining electronic image data of the joint-

determining a shape of the at least one contact surface of the first

template based, at least in part, on electronic image data.

18.The method according to claim 16, further comprising:

prior to directing movement of the surgical instrument, postloning at

least one contact surface of the second template to the second joint surface.

19.The method according to claim 17, wherein the at least one contact
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surface of the second template is substantially a mirror image of the second

surface.

20.The method according to claim 18, further comprising:

obtaining electronic image data of the joint;

determining a shape of the at least one contact surface of the second

template based, at least in part, on electronic image data.

21.The method according to daim 15, wherein cross-referencing the second

template to the first template includes:

attaching the second template to the first template.

22. The method according to claim 21, wherein attaching the second template

to the first template includes performing intraoperative adjustments.

23. The method according to claim 21, wherein the second template is

attached to the first template via a pin, and wherein performing Intraoperative

adjustments includes rotating the the second template around the pin.

24.The method according to claim 15 further comprising performing an

intraoperative adjustment on the position of the second template on the

second surface of the joint, wherein performing the intraoperative adjustment

includes using one of spacers, ratchets, and telescoping devices.

25.The method according to claim 15, further comprising performing an

intraoperative adjustment on the position of the second template on the
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second surface of the joint, wherein performing the intraoperative adjustment

includes adjusting for at least one of joint flexion, joint extension, joint

abduction, and joint rotation.

5 26.The method according to claim 15, wherein directing movement of the

surgical instrument using the at least one guide of the second template

includes making one or more cuts or drill holes, the method further comprising

implanting a joint prosthesis as a function of the one or more cuts or drill

holes.

10

27. The method according to claim 15, wherein the first template includes at

least one guide, the method further comprising:

directing movement of a surgical instrument using the at least one

guide of the first template.

15

28.The method according to claim 27, wherein directing movement of the

surgical instrument using the at least one guide of the first template includes

making one or more cuts or drill holes, the method further comprising

implanting a joint prosthesis as a function of the one or more cuts or drill

20 holes.

29.The method according to daim 15, wherein directing movement of the

surgical instalment using the at least one guide of the second template

includes making at least one of a cut, a drill hole, and a reaming, the method

25 further comprising implanting a joint prosthesis.
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30.The method according to claim 15, wherein the first surface of the joint is a

femoral surface, and the second surface of the joint is a tibial surface.

31 .The method according to daim 15, further comprising:

5 obtaining electronic image data of a Joint;

determining the at least one of a biomechanical axis and an anatomical

axis of the joint based, at least in part, on the electronic image data; and

wherein the shape and/or position of the guide of the second template

is based, at least in part, on the at least one of the biomechanical axis and the

10 anatomical axis.

32.The method according to claim 31 wherein the electronic image data is

obtained by at least one of pre-operatively, intraoperatively, optically, an MRI,

a CT, and a spiral CT.

15

33.The method according to claim 15, wherein the first template includes a

thickness based, at least in part, on at least one of a thickness of an implant

to be attached to the first surface of the joint and a desired space between

two opposing surfaces of the joint.

20 34.A method of joint arthroplasty, the method comprising:

positioning at least one contact surface of a first template onto a first

surface of a joint;

cross-referencing a second template to the first template to align

position of the second template on a second surface of the joint, the second

25 surface opposing the first surface, the second template including at least one

guide; and
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directing movement of tfie surgical instrument using the at least one

guide of the second template.

35.A method of joint arthroplasty, the method comprising:

positioning at least one contact surface of a first template onto a first

surface of a joint, wherein the at least one contact surface of the first template

is substantially a mirror image of the first surface.

cross-referencing a second template to the first template to align

position of the second template onto a second surface of the joint, the at least

one contact surface of the second template substantially a mirror image of the

second surface of the joint, the second template including at least one guide;

and

directing movement of the surgical instrument using the at least one

guide of the second template.

36.A method of joint arthroplasty, the method comprising:

positioning at least one contact surface of a first template onto a first

surface of a joint;

cross-referencing a second template to the first template to align

position of the second template on a second surface of the joint, the second

template including at least one guide, wherein cross-referencing allows

rotation of the second template relative to one of a biomechanical and an

anatomical axis; and

directing movement of the surgical instrument using the at least one

guide of the second template.
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37.A method of joint arthroplasty, the method comprising:

obtaining eiectronic image data of a joint;

determining width space of the joint based, at least in part, on the

electronic image data; and

5 providing a template that Includes at least one guide for directing

movement of a surgical Instmment, wherein at least one of the shape and

position of the guide is based, at least in part, on the width space of the joint.

38.The method according to claim 37, wherein the template includes at least

1 0 one surface for engaging a surface of a joint, the surface being a mirror image

of portions or all of the surface.

39. The method according to claim 37, wherein obtaining electronic image

data includes at least one of a CT scan, MR! scan, optical scan, and a

15 ultrasound imaging.

40. The method according to claim 37, wherein obtaining electronic image

data includes:

obtaining image data of at least one of a medial space, a lateral space,

20 anterior space, and posterior space of the joint.

41 .The method according to daim 40, further comprising comparing at least

two of the lateral space, anterior space, and posterior space of the joint.

25 42.The method according to claim 37, wherein obtaining image data is

performed in one of two dimensions and three dimensions.

254



wo 2007/092841 PCT/US2007/061681

43.The method according to claim 37, wherein determining width of the joint

includes measuring the distance from the subchondral bone plate of one

articular surface to the subchondral bone plate of the opposing articular

surface.

44.The method according to claim 37, wherein determining width of the joint

includes measuring the distance from from the subchondral bone plate of one

articular surface to the subchondral bone plate of the opposing articular

surface.

45. The method according to claim 37, wherein obtaining the image data of

the joint is performed in at least one of joint flexion, joint extension, and joint

rotation.

46. The method according to claim 37, wherein at least one of the shape and

position of the guide is further based, at least in part, on the anatomical or

biomechanicai axis alignment of the joint.

47.A method of joint arthroplasty, the method comprising:

obtaining electronic image data of a joint;

determining carliiage loss associated with the joint based, at least In

part, on the electronic image data;

providing a template that includes at least one guide for directing

movement of a surgical instrument so as to correct an axis alignment of the

joint, wherein at least one of the shape and position of the guide is based, at
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least in part, on the cartilage loss.

48.The method according to daim 47, further comprising measuring at least

one axis associated with the joint.

49. The method according to claim 47, wherein measuring includes at least on

of a standing x-ray, a weight bearing x-ray, a CT scout scan, a MR\ localizer

scan, a CT scan, and a MRI scan.

50. The method according to claim 47, wherein obtaining image data includes

one of spiral CT, spiral CT arthography, MRI, optical imaging, optical

coherence tomography, and ultrasound.

51 .The method according to daim 47, wherein the template includes at least

one contact surface for engaging a surface of the joint, the contact surface

being a mirror image of portions or ail of the joint surface.

52.A method for joint arthroplasty, the method comprising:

obtaining electronic image data of a joint;

determining a plurality of measurements based, at least in part, on the

image data, the measurements selected from at least one of an axis

associated with the joint and a plane associated with the joint; and

providing a template that includes at least one guide for directing

movement of a surgical instrument, wherein at least one of the shape and

position of the guide is based, at least in part, on the plurality of

measurements.
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53.The method according to claim 52, wherein obtaining image data of the

joint includes at least one of an x-ray, a standing x-ray, a CT scan, an MRI

scan, CT scout scans, MRI localizer scans.

5

54. The method according to daim 52, wherein the plurality of

measurements include one of a plurality of axis, a plurality of planes, and a

combination of an axis and a plane.

10 55.The method according to claim 52, wherein the template includes at least

one contact surface for engaging a surface of a joint, the contact surface

being a mirror image of portions or all of the joint surface.

56. A surgical tool comprising:

15 a template including:

a surface for engaging a joint surface, the surface being a mirror

image of a portion or all of the joint surface; and

two or more guides for directing movement of a surgical

instrument, wherein the shape and/or position of at least one of the guides is

20 based, at least in part, on at least one axis related to said joint.

57.The surgical tool according to claim 56, wherein the template further

includes a block removably attached to the surt'ace, the block including the

two or more guides.

25

58.The surgical tool according to claim 56, wherein the two or more guides
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include at least one guide for a cut, a milling, and a drilling.

59.The surgical tool according to claim 56, further comprising a second

surgical tool attached to the template, the second tool including at least one

5 guide aperture for guiding a surgical instrument.

eO.The surgical tool according to claim 59, wherein the at least one guide of

the second surgical tool guides a surgical instrument to make cuts that are at

least one of parallel, non-parallel, perpendicular, and non-perpendicular to

10 cuts guided by the first template.

61 .A method of joint arthroplasty, the method comprising:

performing an extended scan of a joint to obtain electronic image data

that includes the joint and at least 15 cm or greater beyond the joint;

15 determining at least one of an anatomical and a biomechanical axis

associated with the joint based, at least in part, on the electronic image data;

providing a template that includes at least one guide for directing

movement of a surgical instrument, wherein at least one of the shape and

position of the guide is based, at least in part, on the at least one of the

20 anatomical and the biomechanical axis.

62.The method according to claim 61, wherein the joint is a knee Joint, and

performing the extended scan of a joint to obtain electronic image data

includes obtaining electronic image data at least one of 1 5 cm, 20 cm, and 25

25 cm beyond the tibiofemoral joint space.
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63.A method of joint arthroplasty, the method comprising:

performing an imaging scan acquisition that obtains electronic image

data through more than one joint;

determining at least one of an anatomical axis and a biomechanical

axis associated with the joint based, at least in part, on the electronic Image

data; and

providing a template that includes at least one guide for directing

movement of a surgical instrument, wherein at least one of the shape and

position of the guide is based, at least in part, on the at least one of the

anatomical and the biomechanical axis.

64.The method according to claim 63, wherein performing an imaging

acquisition includes performing at least one of a CT, MRI, Ian x-ray, and a

two-plane x-ray, wherein the CT and the MRI Includes at least one of slice,

spiral, and volume acquisition.

65.The method according to claim 63, wherein the guide directs the

movement of a surgical instrument to correct one of a varus deformity and a

valgus deformity.

66.A method of joint arthroplasty, the method comprising:

obtaining a first Image of a joint in a first plane, wherein the first image

generates a first Image volume;

obtaining a second image of a joint in a second plane, wherein the

second Image generates a second image data volume;

combining the first and second image data volumes to form a resultant
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image data volume, wherein tiie resultant image data volume is substantially

isotropic.

providing a template based on the resultant image data volume, the

template including:

at least one surface for engaging a first surface of a joint, the

surface being a mirror image of portions or all of the first surface; and

at least one guide for directing movement of a surgical

instrument.

67. The method of joint arthroplasty according to claim 66, wherein obtaining

the first image and the second image includes one of spiral CT, volumetric

CT, and an MR! scan.

68.A method for joint arthroplasty, the method comprising:

performing a first cut on a joint to create a first cut joint surface,

wherein performing the first cut includes:

positioning at least one contact surface of a first template onto a

first surface of a joint, the at least one contact surface being a mirror image of

the first surface of the joint, the first template including a guide for directing

movement of a surgical instrument to perform the first cut; and

cross-referencing the first cut to perform a second cut associated with

an opposing surface of the joint.

69. The method according to daim 68, wherein cross-referencing the first cut

to make the second cut includes:

attaching a second template to the first template so as to assist
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positioning at least one contact surface of tfie second template onto a second

surface of the joint, the second template including a guide for directing

movement of a surgical instrument to perform the second cut.

70.The method according to daim 69, the second template including at least

one contact surface being a min-or image of the second surface of the joint.

71 .The method according to claim 68, wherein cross-referencing the first cut

to make the second cut includes:

positioning at least one contact surface of a third template onto at least

a portion of the first cut surface; and

attaching a second template to the third template so as to position at

least one contact surface of the second template onto a second surface of the

joint, the second template including a guide for directing movement of a

surgical instrument to perform the second cut.

72. The method according to claim 71 , wherein the at least one contact

surface of the third templateis a mirror image of the first cut surface.

73.The method according to claim 68, wherein the first cut is a horizontal

femoral cut, and the second cut is a vertical femoral cut.

74.The method according to claim 68, wherein the first cutis a femoral cut

and the second cut is a tibial cut.

75.The method according to claim 68, wherein the first cut is a femoral cut.
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and the second cut is a patellar cut.

76.The method according to daim 68, wherein the first cut is an acetabular

reaming and the second cut is a femoral cut.

77.A method for joint arthroplasty, the method comprising:

positioning at least one contact surface of a template onto a surface of

a joint, the at least one contact surface being a mirror image of at least a

portion of the surface of the joint, the template including a guide for directing

movement of a surgical instrument; and

stabilizing the first template onto the first surface.

78. The method according to claim 77, further comprising:

obtaining electronic image data of the joint; and

determining a shape of the at least one contact surface of the firet

template based, at least in part, on electronic image data.

79. The method according to daim 77, wherein stabilizing includes using one

of k-wires, a screw, an anchor, and a drill bit left in place on the joint

80.The method according to daim 77, wherein stabilizing indudes positioning

the contact surface on at least one or more concavities and convexities on the

joint.

81
.
The method according to daim 77, wherein stabilizing includes

positioning the contact surface on at least one concavity and at least
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convexity on the joint.

82.The method according to claim 77, wherein stabilizing includes positioning

the contact surface, at least partially, on an arthritic portion of the joint.

83. The method according to claim 77, wherein stabilizing includes positioning

the contact surface, at least partially, on an interface between a normal and

an arthritic portion of the joint.

84.The method according to claim 77, wherein stabilizing includes positioning

the contact surface, at least partialiy, against an anatomic feature.

85. The method according to claim 84, wherein the anatomic feature is one of

a trochlea, an intercondylar notch, a medial condyle and a lateral condyle, a

medial trochlea and a lateral trochlea, a medial tibial plateau and a lateral

tibial plateau, a fovea capities, an acetabular fossa, a tri-radiate cartilage, an

acetabular wall, and an acetabular rim.

86.The method according to claim 77, wherein positioning the contact surface

on the surface of the joint includes positioning the contact surface on, at least

partially, a normal portion of the joint.

87.The method according to claim 77, further comprising:

determining the position of the guide on the template based, at least in

part, on ligament balancing and/or to optimize at least one of flexion and

extension gap.
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88.The method according to claim 77, further comprising:

adjusting the position of the guide relative to the joint Intraoperatively.

89. The method according to claim 88, wherein adjusting the position of the

guide includes at least one of a spacer, a ratchet device, and a pin that allows

rotation.

90.A method for joint arthroplasty, the method comprising:

positioning at least one contact surface of a template onto a surface of

a joint, such that the contact surface, at least partially, rests on, and is a

mirror image of, an interface between an arthritic and a nomial portion of the

joint surface, the template including a guide for directing movement of a

surgical instrument;

making a surgical intervention on the joint with the surgical instrument

based, at least in part, on the guide.

91 .A template comprising:

at least one contact surface for positioning onto a surface of a joint, the

contact surface at least partially being a min-or image of an interface between

an arthritic and a normal portion of the joint surface,

a guide for directing movement of a surgical instrument.

92.A method for joint arthroplasty, the method comprising:

positioning at least one contact suriace of a template onto a surface of

a joint, such that the contact surface, at least partially, rests on, and is a
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mirror image of, an arthritic portion of tlie joint surface, tlie template including

a guide for directing movement of a surgical instrument;

making a surgical intervention on the joint with the surgical instrument

based, at least in part, on the guide.

93.A template comprising:

at least one contact surface for positioning onto a surface of a joint, the

contact surface at least partially being a mirror image of a normal portion of

the joint surface,

a guide for directing movement of a surgical instrument.

94.A method for joint arthroplasty, the method comprising:

performing a phantom scan of one of a MR! and CT instrument;

performing, using the one of the an MR! and CT instrument, a scan on

a joint;

determining a shape of the at least one contact surface of the first

template based, at least in part, on the phantom scan and the scan of the

joint, the at least one contact surface being a mirror image of at least a

portion of the surface of the joint, the template including a guide for directing

movement of a surgical instrument.

95.The method according to claim 94, wherein the phantom scan is

performed prior to the scan of the joint, the method further comprising

adjusting the one of the MR! and the CT instrument.

96.The method according to claim 94, wherein the phantom scan is
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performed after performing the scan of the joint, wherein the scan of the joint

is optimized based on the phantom scan.

97.A method for joint arthroplasty, the method comprising:

5 determining a desired femoral component rotation for one of a uni-

compartmental or total knee replacement;

providing a template that includes at least one guide for directing

movement of at least one of a surgical instrument, attached linkage, and tool,

wherein at least one of the shape and position of the guide is based, at least

10 in part, on the desired femoral component rotation.

98. The method according to claim 97, wherein determining the desired

femoral component rotation includes measuring one or more anatomic axis

and/or planes relevant to femoral component rotation.

15

99. The method according to claim 97, wherein the one or more anatomic

axis and/or planes is at least one of the transepicondylar axis, the Whiteside

line, and the posterior condylar axis.

20 100. The method according to claim 97, wherein the guide directs a femoral

cut, the method further comprising rotating the template so that the femoral

cut is parallel to a tibial cut with substantially equal tension medially and

laterally applied from medial and lateral ligaments and soft tissue.

25 1 01 . A method for joint arthroplasty, the method comprising:

determining a desired tibial component rotation for one of a uni-
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compartmental or total knee replacement;

providing a tibial template tfiat includes at least one guide for directing

movement of at least one of a surgical instrument, attaciied iinltage, and tool,

wherein at least one of the shape and position of the guide is based, at least

in part, on the desired tibial component rotation.

1 02. The method according to claim 101, wherein determining the desired

tibial component rotation includes measuring one or more anatomic axis

and/or planes relevant to tibial component rotation.

103. The method according to claim 102, wherein the one or more

anatomic axis and/or planes is at least one of an anteroposterior axis of the

tibia, and the meldal one-third of the tibial tuberosity.

104. The method according to claim 101, wherein the guide directs a

femoral cut, the method further comprising rotating the template so that the

femoral cut is parallel to a tibial cut with substantially equal tension medially

and laterally applied from medial and lateral ligaments and soft tissue.

1 05. A method of hip arthroplasty, the method comprising:

determining leg length discrepancy;

obtaining electronic image data of the hip joint;

providing a template that includes at least one guide for directing

movement of at least one of a surgical instrument, attached linkage, and tool,

the template including at least one contact surface that is a mirror image of

the femoral neck, wherein at least one of the shape and position of the
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template and/or guide is based, at least In part, on the electronic image data.

1 06. The method according to claim 1 05, wherein determining leg length

discrepancy includes at least one of a standing x-ray of the leg, a CT scout

scan, a CT, and MRI.

1 07. The method of claim 1 05, wherein the guide assists a surgical

instrument in cutting the femoral neck.

1 08. A method for joint arthroplasty, the method comprising:

determining a desired femoral component rotation for a hip;

providing a template that includes at least one guide for directing

movement of at least one of a surgical instrument, attached linkage, and tool,

wherein at least one of the shape and position of the guide is based, at least

in part, on the desired femoral component rotation.

1 09. A method for joint arthroplasty, the method comprising:

detemnining a desired acetabular component rotation for a hip;

providing an acetabular template that includes at least one guide for

directing movement of at least one of a surgical instrument, attached linkage,

and tool, wherein at least one of the shape and position of the guide is based,

at least in part, on the desired acetabular component rotation.

110. A method for joint arthroplasty, the method comprising:

determining a desired humerus component rotation for a shoulder;

providing a template that includes at least one guide for directing
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movement of at least one of a surgical instrument, attaclied linkage, and tool,

wherein at least one of the shape and position of the guide is based, at least

in part, on the desired humerus component rotation.

5 1 1 1 . A method for joint arthroplasty, the method comprising:

providing a template that includes at least one surface for engaging a

surface of a joint based, at least in part, on substantially isotropic input data,

the surface being a mirror image of portions or all of the joint surface, the

template including at least one guide for directing movement of a surgical

1 0 instrument.

1 1 2. The method according to claim 111, wherein said input data is

acquired using one of fusion of image planes, substantially isotropic MR\ and

spiral CT.

15

113. A method for ligament repair, the method comprising:

obtaining electronic Image data of at least one surface associated with

a ligament,

creating a first template based, at least In part, on the image data, the

20 template having at least one contact surface that conforms with at least a

portion of the surface, the template including at least one guide for directing

movement of a surgical instrument involved with the ligament repair.

114. The method according to claim 1 1 3, wherein the ligament Is an anterior

25 cruciate ligament.
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1 1 5. The method according to claim 1 1 3, wherein the ligament is a posterior

cruciate ligament.

1 1 6. The method according to claim 1 1 3, further comprising determining a

5 tunnel site for a ligament graft.

117. The method according to claim 116, wherein determining the tunnel

site includes identifying an origin of the ligament on a first articular surface,

and an insertion position onto a second articular surface opposing the first

10 articular surface.

118. The method according to claim 116, wherein determining the tunnel

site includes identifying at least one of a bony landmark and a remainder of a

ligament based on the image data.

15

119. The method according to claim 1 1 6, wherein the surface is one of

adjacent to the tunnel site and a non-weight bearing surface.

120. The method according to claim 113, wherein the first template includes

20 a drill guide aperture, the method further comprising:

positioning the template such that the at least one contact surface

contacts the at least a portion of the surface; and

drilling a ligament tunnel, wherein the drilling is guided by the drill

guide aperture.

25

121
.

The method according to claim 120, wherein at least one of the shape,
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position and orientation of the drill guide aperture on tlie first template is

based, at least in part, on a distance of tlie tunnel to adjacent cortical bone.

122. The method according to claim 121 , wherein the drill guide aperture

5 includes a stop, such that a desired drill depth is obtained.

1 23. The method according to claim 1 1 3, wherein the image data is

obtained preoperatively.

10 1 24. The method according to claim 1 1 3, wherein the image data is

obtained by at least one of a CT scan and an MRI scan.

125. The method according to claim 113, wherein the image data is

obtained in at least one of joint flexion, joint extension, joint abduction, joint

1 5 adduction, and joint rotation.

126. The method according to claim 1 1 3, further comprising:

identifying a graft harvest site based on the image data;

using the first template to guide harvesting of at least one of ligament

20 and bone form the graft harvest site.

1 27. The method according to claim 1 1 3, further comprising:

cross-referencing a second template to the first template to align

position of the second template on a second surface associated with the

25 ligament, the second template including at least one guide; and

directing movement of the a instrument using the at least one guide of
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the second template relative to said guide.

128. Tlie method according to claim 127, wherein the first and second

surfaces are opposing articular surfaces.

129. The method according to claim 128, wherein the first surface is a

femoral surface and the second surface is a tibial surface.

1 30. The method according to claim 1 1 3, wherein the first template includes

a tissue retractor.

131. The method according to claim 1 30, wherein the tissue retractor is one

of a flange and an extender.

132. The method according to claim 113, further comprising using the

template in at least one of a single bundle and a double bundle ligament

reconstruction.
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